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Preface to Fourth Revised Edition. 

The rapid progress made in American steel manu- 
facture and treatment with the constant improvement and 
invention of new processes and special steels has necessi- 
tated a revision of the present volume with numerous 
additions regarding the most recent methods of special- 
steel treatments. The advent of the automobile, the mod- 
gas engine and aeroplanes has brought about a de- 
mand for extremely tough, strong, high grade steels of 

arious kinds known as Alloy Steels, The exact compo- 
sition of these new steels is held as a trade secret by the 
manufacturers and in faft it is very doubtful if the 
makers themselves know exactly what the steels contain. 
In a general way analysis will show the various propor- 
tions of the different metals and chemicals entering into 
their composition but doubtless the rare gases, metals and 
chemicals, which to great extent influence the final quality 
and grade of these alloy steels, are consumed or altered 
the process of manufacture and do not appear in the 
ultimate prsihict. ._ Aitlmuglj. .kpown to the trade as 

Tungsterf .' ."'si^te :":" V^rtadaipi steels. Chrome and 
Nickel steels,''''ftc..:y^: uparly all are complex all.iys 
and practicallyevccyfrtia^iJ^aVturer has a different method 
or process of.pCojlyH^iiigjthern.; For automobile and other 
special uses tliese -alk>5'^3taffls.}iave proved of inestimable 
value and several manufacturers, notably the Ford Com- 
pany, have carried on expensive and exhaustive tests of 
such steels and in fact in this line of work have outdone 
the steel manufacturers themselves, as well as the U. S, 
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Government experts. Space will not permit of a full 
discussion or account of the modern alloy and high-speed 
steels or their treatment and all that can be done in a 
volume of the scope and size of the present work is to 
give a brief account of the more important points of 
annealing, hardening, tempering and case-hardening of 
modern steels with such data and specifications of their 
strengths, compositions and properties as can be ascer- 
tained. While the majority of users of modern steels 
guard their methods of treatment as carefully as do the 
steel manufacturers, yet there are notable exceptions to 
this rule and my thanks are especially due to the Bantam 
Anti-friction Company of Bantam, Conn., for informa- 
tion furnished regarding the heat and hardening treat- 
ment of their world-famous ball- and roller-bearings as 
well as to the C. S. Mersick Company, the Malleable Iron 
Fittings Company, and others for data and information 
furnished. 
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Introduction. 

An experience which covers twenty-five years of 
actual practice, in the various branches of machine 
shop work, has taught the writer that much more 
depends on the condition of the various cutting tools 
used, than mechanics in general realize. 

The various machines used in working iron and 
steel to shape have been improved, and made heavier 
in the parts subjected to strain, in order that heavier 
cuts and faster feeds might be taken to reduce the cost 
of production. 

If a tool is doing the maximum amount of work 
possible for it to do, when it is used in a light machine, 
it would be folly to purchase a heavier, stronger ma- 
chine and use the same tool in it. But it has been 
found in many cases that cutting tools could be made 
that would take heavier cuts and faster feeds than the 
older types of machines could carry. Consequently it 
has been necessary to re-design most types of machines 
used to remove stock, in order to bring them into 
shape to be used as tools, parts of machines, and other 
apparatus. 

Competition has made it absolutely necessary that 
every possible means be taken to reduce the cost of an 
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article without reducing the quality. Where possible 
the design is changed so the article may be made more 
cheaply. And as labor is, generally speaking, the princi- 
pal factor to be considered, it is necessary to reduce a 
far as possible the number of operations, or simplify J 
those necessary, and so reduce the cost of the manu*'! 
factured article. 

If by the use of machinery especially adapted to I 
the work to be done, it is possible to do in one opera- 
tion the work which formerly required four separata 
operations, then the amount paid for labor has beei 
very materially reduced, without necessarily reducinj 
the pay of the operator. In fact it is found possible 1 
many cases to increase his compensation, and at tin 
same time reduce the cost per piece of work verj 
materially. 

Now, in order that improved machinery may do it^ 
maximum amount of work per day, it is necessary t 
have the cutting tools, fixtures, etc., made in a n 
that allows them to do their part of the work. If i 
milling machine were bought and set up in a shop, an.^ 
it was foirad that the iixtures formerly used in holdina 
the pieces of work were not strong enough to hoM 
them when the new machine was taking the heavi^ 
cut possible, heavier fixtures would be made at u 
order that the investment of money made in purchas- 
ing the machine might not be considered as having 
been thrown away. Following; out the .same line of 
reasoning, it would be necessary to make cutting tools 
of a design that made it possible to take as heavy cuts, 
and use as coarse feeds, as the strength of the machine 
and fixtures would allow. 

While mannfactnrcTs in gcntTal rccogniKe the im- 



Waste through improper handling. 

portance of having machines especially fitted for their 
needs, many times the good work stops right at this 
point. They are not educated to a point that makes 
it possible for them to comprehend the importance of 
having the cutting tools hardened in a manner that 
insures their doing the amount of work possible. 

While it is often necessary to re-design cutting 
tools to get added strength, many times this needed 
strength may be had by proper hardening. 

A manufacturer of a high grade tool steel, in con- 
versation with the writer, said, if he could have one per 
cent, of the value of steel in this country spoiled by 
improper hardening, he would not exchange his income 
for that of the President of the United States. By the 
value of steel, he meant its value at the time the article 
was hardened. A piece of steel which cost fifty cents 
in the bar, may be worth many dollars when ready for 
hardening, and represents to the manufacturer the 
total cost of steel and labor. 

This line of reasoning might be carried a great 
deal further. If a tool which is made to do a certain 
job is ruined, the time the machine or machines stand 
idle waiting for another one to be made, many times 
represents a greater loss than the money value of the 
tool. This is especially true where the time given to 
complete the job is limited. 

If a tool is hardened in a manner that makes it 
iiiipossible for it to do as much or as good work as it 
ought, the loss may be greater than in either of the 
cases before cited, yet this loss is seldom taken into 
consideration. 

The writer's- experience has convinced him that 
few mechanics realize the vast waste of time in many 
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shops, because tools are not capable o£ doing the amount ^ 
of work possible were they properly hardened. Take 
for instance a milling machine ciitter which runs at a 
periphery speed of thirty-six feet per minute, milling' a 
mild grade of machinery steel. It is found necessary 
to stop this machine once in twenty working hours to 
sharpen the cutter, milling in the meantime five hun- 
dred pieces. A cutter is made from the same bar, and 
hardened by a process that makes it possible to run the 
tool at a periphery speed of eighty feet per minute, and 
it is then found necessary to grind but once in two hun- 
dred hours; milling in the meantime eight thousand 
pieces. Not only is the efficiency of this machine 
increased many fold, but the expense of grinding, and 
the necessary delay incident to stopping the machine, 
changing cutters and setting up, and the cost of tools 
per piece, is reduced very appreciably. 

Does some one ask, How is this trouble to be 
remedied? The answer is, men must be educated to 
see the enormous waste going on all the time; the 
waste of steel, of time required to make the tools, of 
the time valuable equipment is laying idle, and the 
small percentage of -work produced per machine, all go 
to reduce dividends, and this becau.se so little attention 
is given a subject which should receive as much con- 
sideration as any one branch of machine shop work. 

When the trouble is apparent, then it is necessary 
to find a remedy. The physician must necessarily un- 
derstand the human body in order that he may diagnose 
diseases. If one would be a successful hardener of 
steel, he must understand the nature and peculiarities 
of steel. As a study of drugs alone would not fit one 
to practice medicine, neither will practice alone fit one 
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to harden steel, especially if new problems are con- 
stantly coming up. 

At the present time when libraries are accessible 
to nearly every one, and books and mechanical journals, 
treating on steel and the proper methods of its manipu- 
lation, are within the reach of all, there is no good 
reason why ignorance of a subject so interesting, and 
at the same time of such vital importance to both 
manufacturer and mechanic, should be so general. 

A study of the nature of steel will convince one of 
the importance of extreme carefulness when heating 
either for forging, annealing or hardening. A man 
who understands the effect of heat on high carbon toor 
steel is often amazed at the careless manner which 
many old blacksmiths assume when heating a piece of 
steel. A difference of loo to 200 degrees of heat after 
the steel is red hot, does not, according to their idea, 
injure the steel in the least, but in reality it makes a 
vast amount of difference in the strength of the piece. 

In some shops a man is called a successful hard- 
ener if he is fortunate enough to avoid cracking the 
pieces he is called upon to harden. Apparently no 
account is taken of the capability of the tool to perform 
a satisfactory amount of work. A man who devotes 
his attention to hardening steel in a manner to avoid 
cracking, regardless of the utility of the tool, is not 
worthy of the title of a successful hardener ; he should 
be styled, as an eminent mechanic calls this class, 
a non-cracker. Now, it is possible to harden steel in a 
manner that does away with the liability of cracking, 
yet gives it the amount of hardness necessary, in order 
that it may do the amount of work expected of it. 

A study of the effects of expansion and contraction 

II 



Expansive properties of steel. 

of steel in the fire and baths is necessary in orderil 
select the proper forms of furnaces and hath, so that 
the best results may be obtained. Suppose a micro- 
meter is left for some time in a room where the tem- 
perature is 40 degrees Fahr., a piece of work is placed 
between the contact surfaces, as shown in Fig. 1. 




Now grasp the micrometer by the frame at the portion 
marked b, with a warm hand ; in a few seconds the 
metal will have expanded to a degree that allows the 
work a to drop from the gauge, thus proving that but 
a very small amount of heat is needed to expand the 
steel sufficiently so the contact points no longer touch 
the piece between them. 

Now, if a few degrees of heat will expand steel so 
it can be readily observed, it is apparent that a heat of 
goo to i,2oo deirrees Fahr. must cause the process of 
expansion to be carried to a much greater extent. The 
amount of heat necessary to give steel, in order that it 
may harden when phmged in some cooling bath, varies 
with the make of steel, the percentage of carbon it con- 
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tains, and also on the percentage of other hardening 
elements in the steel. Jarolinech places the critical 
temperature at 932 degrees Fahr. (500 Centigrade) as 
determined by him experimentally. The lowest heat 
at which a piece of steel will harden satisfactorily is 
termed the refining heat, because the effect of the 
operation of suddenly cooling steel heated to this tem- 
perature is to refine the grain, making it the finest pos- 
sible. 

The writer does not propose giving a scientific 
explanation of the changes which take place in a piece 
of steel when it is heated to the hardening heat, and 
quenched in the cooling bath, but the practical sides of 
the question will receive careful attention. 

Every man and boy working in a machine shop 
knows that steel heated red hot and plunged in water, 
will harden, but it is necessary to know how hot it 
must be heated in order that satisfactory results may 
follow. We should thoroughly understand the action 
of too great an amount of heat on the structure of steel, 
in order that overheating may be avoided. It is also 
necessary to have a correct understanding of the effects 
of baths of various kinds on steel, if it is dipped in 
them when red hot. 

It is an acknowledged fact that the lowest possible 
heat at which steel will harden, leaves it the strongest 
This is illustrated elsewhere. Knowing this, it will be 
seen that an article made of steel is very much less 
liable to crack when hardened at a low heat, than if it 
were heated to a temperature which caused it to be 
brittle. 

Commencing with cold steel, every degree of heat 
applied changes in a measure the size and structure 

13 
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of the piece, until a certain limit is reached. Now, if i 
change in temperature of a few degrees changes the 
size of a piece of steel, the reader is asked to imagine 
the change in size and structnre which must take place 
when it is heated red hot. This means a change in 
temperature of about i,ooo degrees, and the effect of 
heat on steel is to expand it, while the opposite effect 
is accomplished when it is cooled. The mpre rapidM 
it is cooled the harder it will be. It is indeed wond^ 
ful that a piece of steel can undergo the changes whidl 
take place in its size and structure, and remain intacf 
When steel is cooled in the hardening bath, the outsi^ 
of course chills and hardens first, while the inside | 
hot and consequently soft for some little time afte^ 
ward. Now, the outside, being hardened, is practical 
inflexible, while the inside continites to change ] 
structure until cold. This is especially true of piet 
having teeth or projections on their surface. 

Understanding the fact that heat causes steel 1 
expand, it will readily be seen that it is absolutely 
necessary that it should expand uniformly throughout 
the piece. I f the comers and edges are hotter than the 
balance of the piece, then It is unevenly expanded, and 
consequently will contract unevenly. Now, if one part 
of a piece of stee! contracts more than another, or not 
uniformly with another part, it is liable to crack from 
the effects of the unequal contraction; if it is not 
cracked when taken from the hardening bath, it is liable 
to crack at some future time for no apparent reason. 
This applies especially to large pieces, and stee! having 
a high percentage of carbon. 
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The writer's professional experience in the v 
methods of working steel, brings him in contact with 
men of all degrees of intelligence. Some men are 
really skillful in the particular line they are engaged 
in; that is, they are very careful when heating and 
dipping in the bath, and get excellent results. But 
they do not know the difference between a steel of J^ 
per cent, carbon and one of i J-^ per cent ; in fact, they 
do not know anything about percentages of carbon, 
and don't care; they say so in as many words. The 
steel they use is always the same make and temper. 
They have never used anything else. If they should 
get hold of another make, that worked differently 
from that they had always used, they would condemn 
it, saying it was no good, because it didn't act just like 
the stee! they were accustomed to handling. 

Now, if anything should happen to the steel mill 
making their particular brand, they would be obliged 
to learn the art of hardening all over again, or go out 
of business. When it becomes necessary, or the con- 
cern who employs these men considers it advisable, 
to change the steel used; or if it is necessary to 
have the composition changed to get some desired re- 
sult, this poor fellow is all at sea. He doesn't know 
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what tf) do, and he do( 



a t want anyu 



what to do. His only cry is, "The steel isn't good for 
anything," when in reality it may be the best on the 
market. Such a man is to be pitied, but he is a very 
expensive man for those in whose employ he happens 
to be, and a very unpleasant fellow to attempt to teach 
anything. 

Another example is the man who banks on his 
twenty or fifty years' experience, and considers that 
because he has been allowed to exist for that length 
of time and occupy a position as blacksmith, or 
hardener, that he must necessarily know it all. To 
him steel is steel; he treats it all alike. If there is 
some particular steel good-natured enough to stand his 
treatment, that is the only brand on the market fit to 
use — according to his way of thinking — and he gener- 
ally has such an unpleasant and forcible personality, 
that he either has his say or goes where he can. He 
never investigates the merits of different makes of 
steel; simply condemns every make that will not stand 
his abuse. 

If ever}' man of the type under consideration ad- 
vocated using the same steel, there might be a plausi- 
ble excuse for looking into the merits of that particular 
brand, to the exclusion of every other, but you will 
hardly find two of them advocating the use of the same 
steel. I am happy to say this class of hardener is not 
in as great a majority as formerly; their number is 
gradually diminishing. It is impossible to teach him 
anything, because that long experience of his stands in 
the way; it is his only stock in trade, and he presents 
it every time anything is said on the subject. 

Now, a long experience in any particular line of 
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work is a good thing for a man, provided il has been a 
real experience, rather than an existence, and in no line 
of business is it more valuable than in the working of 
steel, if the man has kept pace with the procession. 
If not, then he is no farther advanced than when 
he fell out of line, and as it is a law governing all our 
lives, that no man stands slill, he must of necessity 
either advance or go backward. The man who has not 
kept pace with the progress of events, must necessarily 
go backwards. 

Another class we meet with is the jolly, good- 
natured fellow, who wants to please everybody, but 
does not know how, and is too lazy to find out. He had 
rather tell a story than to keep his eyes and attention 
oQ the piece he is heating, consequently he has all 
kinds of luck. There is no remedy known for this 
ip. He is willing to be told how to do, btit is too 
ly to assimilate and put in practice what is told him, 

A class of hardeners which are few in numbers, 
but who should get into some other business as soon 
as possible, con.sists of men who are practically color 
blind. They cannot distinguish between the various 
shades of red, neither can they discern the temper 
colors as closely as they should. Some of them are 
extremely intelligent, capable men, but they have 
missed their calling, and mis.sed it most decidedly, 
because a man to be a successful blacksmith or hard- 
ener, must have good powers of distinguishing colors 
and shades. 

There are many other classes that might be con- 
sidered, but it would be a waste of time, so we will 
look in upon the successful hardener. There are vari- 
ous degrees of success, but we will consider the man 
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who i 



according to the generally accept* 



The successful hardener is one who finds out whi 
is wanted or expected of the article he is to hardei 
whether extreme hardness, toughness or elasticity, orjj 
combination of two of these qualities. He also undei 
stands the nature and pecularities of the steel he i 
using; he considers the fire he is to use, and the bath 
in which the steel is to be quenched after it is heated. 

His spare moments are not spent hanging around 
street comers, or saloons, but in reading and studying 
such books and mechanical journals as treat on subjects 
in his line. In this way he becomes familiar with the 
nature of steel and knows what to do when certain 
conditions which are out of the ordinary arise ; he gets 
the experience of others and his knowledge makes it 
possible for him to discriminate between that which 
will be of value to him, and that which will not. 

When a piece of work is given him he studies the 
shape of the piece, the best method of heating and 
quenching, in order to get the desired results. To him 
steel is not simply steel, which must be treated just 
like every other piece of the same metal, but it is a 
valuable tool or piece of machinery which he takes 
pride in hardening in the best possible manner. If he 
hears of a brand that is giving some one trouble, he is 
anxious to get a piece of it, and experiment and find 
out why they can not get good results from it. 

If he hears of a brand that some one claims gives 
extra good results when using, he is anxious to get a 
sample and test it, and see for himself if the steel is 
all the makers claim it is. 

He is not above learning, takes advantage of every 
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opportunity to get the ideas and experience of others, 
especially men who have had a wide experience. To 
him the articles he is called on to harden represent so 
much money entrusted to his care, and he takes every 
means possible to get it out in a satisfactory manner. 

Does some one ask, where doyou meet such men? 
The writer is happy to say such men are not the ex- 
ception. To be sure they are not in the majority, but 
the number of men who are making a careful study of 
this subject is really encouraging. 
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Although there are many makes of steel and, in 
most cases, several grades of the same make, yet to the 
average mechanic there are two kinds of steel, viz., 
machinery steel and tool steel. 

Machinery steel is used in making such parts of 
machines, apparatus or tools as do not require harden- 
ing in order to accomplish the result for which they 
are intended. Or, if they require hardening at all, it is 
simply a surface hardening, the interior of the piece 
being soft with a view to obtaining greater strength. 
This class of steel is of a lower grade than tool steel. 
It is softer, works more easily, both in the operations 
of forging and machining, and can be safely heated to 
a higher temperature without harm to the steel. It 
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resembles more closely wrought iron and is sometimes ' 
scarcely to be distinguished from it. Machinery steel 
is used whenever it will answer the purpose, not only 
on account of its being more easily machined, biit its 
first cost is only K to -jV that of ordinary tool steel, 
and for most purposes where it is used, it answers the 
purpose as well or better. 

Although it is considered advisable to group steel 
under two heads, as mentioned, namely, machinery 
steel and tool steel, yet on account of the different 
grades of the article under each head it will be neces- 
sary to distinguish them somewhat as they are con- 
sidered under the various processes of hardening. 

Tool steel is made with the idea in view that it is 
to be made into such tools, appliances or parts of 
machines as require hardening in order to accomplish 
the desired result, Although the terra "tool steel" 
is applied to steel intended to be made into cutting 
tools, there are many makes of this article, each make 
differing in some respects from every other make. Not 
only is this so, but most makers put out tool steel of 
different tempers. Now, the word "temper," as used 
by steel makers, means the quantity or percentage of 
carbon the steel contains. It is low temper, medium, 
or high, or number or letter so and so, according 
to the understanding of the marks in each particular 
mill. The following are considered by steel makers as 
the^ most useful tempers of tool steel: y 

Razor temper (ij^ per cent, carbon). This ste^H 
is so easily burnt by being overheated that it can oidfl 
be placed in the hands of very skillful workme^H 
When properly treated it will do many times the woi%M 
of ordinary tool steel when working hard metals, etc M 



^^m Percentages of carbon in tool steel. 

Saw file temper (i^ per cent, carbon). This steel 
requires careful treatment, and although it will stand 
more heat than steel of i^i per cent, carbon, it should 
not be heated hotter than a low red. 

Too! temper ( i J^ per cent, carbon). A very useful 
temper for turning tools, drills and planer tools in the 
hands of ordinary workmen. 

Spindle temper (i|B per cent, carbon). A very 
useful temper for mill picks, circular cutters, very 
large turning tools, screw thread dies, etc. 

Chisel temper (i per cent, carbon). An exceed- 
ingly useful temper, combining, as it does, great 
toughness in the unhardened state, with a capacity of 
hardening at a low heat. It is well adapted for tools 
where the head or unhardened end is required to stand 
the blow of a hammer without snipping off, and where 
a hard cutting edge is required, such as cold chisels, etc. 

Set temper {Ji per cent, carbon). This temper is 
adapted for tools where the surface only is required to 
be hard, and where the capacity to withstand great 
pressure is of importance, such as stamping or pressing 

The following also gives the steel maker's mean- 
iag of the word "temper": 

■ Very hard ■ ■ 150 carbon + 
Hard 1 00 — 1 20 carbon 
Medium 70 — 80 carbon 

In order that the reader may understand some- 
thing of the significance of the terra.s used to designate 
the amount of carbon a piece of steel contains, the fol- 
lowing brief explanation is given. A point is one 
hundreth of one per cent, of any element. 100 points 
is one per cent. A 40 point carbon steel contains forty 
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one-hundreths (.40) of one per cent, of carbon. The 
same explanation applies to any element that goes into 
the composition of steel. The steel is sometimes desig- 
nated by the number of points of carbon it contains— 
as 20 carbon or 60 carbon steel. The amount of carbon 
the steel contains does not necessarily determine the 
quality of the steel, as the steel maker can give an 
ordinary low grade stock a very high percentage of 
carbon. This would harden under the ordinary condi- 
tions, but would be practically useless if made into 
cutting or similar tools. 

It becomes necessary many times to procure a low 
grade steel having as low a percentage of carbon as 
possible. Then again it is advisable, where a greater 
amount of strength is required, to give the steel a 
higher percentage of carbon. This will be brieflyj 
alluded to from time to time under the various topica 

The reader will readily see from the foregoing thai 
it is the presence of carbon in steel that cause; 
harden. The amount of hardness and the degree ofl 
heat necessary when hardening depending on thiM 
quantity of carbon the steel contains. Tool steel is 
hardened by heating it red hot and plunging into some 
coaling bath. The more quickly the heat is extracted 
the harder the piece will be. 

Tool steel has certain peculiarities which must be 
understood if one would be a successful hardener. The 
outside surface of a bar of steel, as it comes from the 
Bteel mill or forge shop, is decarbonized to a consider- 
able depth. This is because the action of the oxygen 
in the. air causes the carbon to be burned out of the 
"Stge! at the surface during the variotis operations when 
the steel is red hot. In order that the decarbonized 



Decarbonized surface of steel. 

portion may not give trouble, it is necessary to cut 
away enough of the surface to remove this portion 
before hardening. If a tool which is to finish ^ inch 
diameter is to be made out of round steel, it is neces- 
sary to select stock at least -jV i^^ch diameter larger than 
the finished tool, or the outer surface will not harden 
sufficiently. For sizes from J^ to i inch diameter, 
select stock iV to ^ inch larger. For sizes from i to 
2 inches diameter, select stock from ^ to -^ of an inch. 
For sizes above 2 inches, about ^ of an inch should be 
cut off. 

It is necessary when centering round steel to have 
the center hole very near the center of the stock, as 
shown in Fig. 2, in order to take off an equal quantity 





Figure 2. Figure 3. 

Proper and improper centering. 

of the decarbonizing surface all around. If a piece is 
centered, as shown in Fig. 3, the decarbonized surface 
will be entirely removed from one side of the piece 
and scarcely any of it taken from the opposite side ; 
consequently, the side from which it was removed 
will be hard, while the opposite side will not harden, 
or at least will not be as hard as the other side, 
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Extravagant economy. 1 

So it will be very readily seen that this simple factJ 
which is often entirely overlooked in machine shop^^ 
is a cause of a great amount of trouble. I 

Tool makers, as a rule, understand this fact in 
regard to steel, but some one in authority, wishing to 
save money for the manufacturing concern, gives the 
job of centering to the "tool room kid," as he is termed* 
many times. He fails to instruct him in the propelM 
manner, the boy does not understand the nature ofM 
steel, and as a consequence, it is centered, as shown iiu 

Fig. 3. m 

Now, if the tool maker were given the job, bM 
would readily see that it was centered wrong. But th^| 
spirit of economy still prevails, and the boy is a]lowe4« 
to rough out the piece. As a consequence, the outsid^B 
surface is removed, and all traces of the eccentric cen^ 
tering are eliminated. The piece is made intoareameiM 
or some other tool, and when hardened it is soft onon«M 
side, the other side being hard enough. There is nofl 
one that can be blamed but the hardener, so he, poo^| 
fellow, has to "catch it." It wouldn't be huma^| 
nature to stand by and say nothing when blamed fotM 
something one didn't understand, so he, in turn, sayifl 
the steel is no good. V 

As a consequence, the make of steel is ofteiil 
changed and another kind is procured, and as it ism 
desirable to test the steel before making any quantity of* 
it into costly tools, the tool maker is told to cut oif arl 
piece of the stock and make a reamer just like thefl 
one that wouldn't harden properly. He centers thefl 
piece, as shown in Fig. 2, turns it to size, cuts the teeth fl 
and gets it ready for hardening. It comes out aUl 
r^ht. The steel is pronounced O. K. and a supply iam 



No mysteries in steel handling. 

ordered. A large batch of reamers is made up and the 

same boy is given the job of centering and "roughing" 

them, and the results are the same or wor.se than when 

■ the former lot was hardened. Now, it is evident to 

pvery one that the hardener must be to blame. He 

Bardened one reamer from this same steel and il was 

latisfactory. Well, the only conclusion is that he made 

ytnislake when he did that one, and isn't on to his busi- 

2SS, so he is nagged and found fault with until he can 

tand it no longer and gets out. The next man has 

lie same results, and those in charge say, " You can't 

t a decent hardener now-a-days. " All this trouble 

ind expense because some one wanted the reputation 

t being a good manager. 

Now, a boy ca?t center and rough out stock and do 
*it all right, but he must be told how and he must be 
watched. If a make of steel that gives satisfaction 
suddenly shows freaks, do not at first condemn the 
steel, but look for the cause. Many people have the 
a that there are unaccountable mysteries connected 
llth tool steel, and that hardening is a thing which 
bust be attended with hick, or bad results follow. 
Mow, as a matter of fact, if a good steel is used, the 
muse may be found for all troubles which occur when 
t is hardened, and many times they will be found to 
result from some penny wise and pound foolish notion. 
Another peculiarity of steel is that if the position 
of any of its molecules is disturbed when the steel is 
cold, there is apt to be trouble when the piece is 
hardened. For instance, if a piece of steel that is to 
be hardened for any given purpose is cut from a bar 
of tool steel and it is found to be so bent that it would 
be impossible to turn and make straight and remove 



Steel of different makes vary. I 

all the decarbonized surface, the piece should be heated 
red hot and straightened. If it were straightened cold, 
then finished to size and hardened, it would be almost 
sure to spring. The writer has seen men at work 
making blanking dies for punching press work who, 
when they made the openings too large at any point, 
wSiild take a hammer and pene the stock into the 
opening without heating the die. They would plane 
the top of the die for shear and then finish it and swear 
about the hardener when the piece cracked in harden- 
ing directly under where they pened. Possibly, it 
would not show any bad results at that time, but 
when the die was used, the portion referred to would 
crack off. Or if the punch were a tight fit, it would 
lift a piece of steel from the face of the die the shape 
of the hammer pene or of the set used. 

Steels of different makes vary in their composition. I 
A successful hardener will experiment with a new steel.'J 
and find out just what he can do with it. One make of J 
steel will harden at an extremely low heat ; another mak& 
will not harden in a satisfactory manner at that heat. J 
It requires a higher heat in order to harden it. Now,"! 
if we were to heat the first steel as hot as we weivj 
obliged to heat the other, we should ruin it, or at li 
hami it. For this reason it is not advisable, generallyB 
speaking, to have a half a dozen different kinds o^l 
makes of steel around a .shop, unless someone knowinst 
the nature and peculiarities of each is to do the harden»B 
ing. And even then trouble will follow unless a ticket-l 
accompanies each tool stating the kind of steel, and! 
this in the ordinary machine shop would lead to endf- • 
less confusion. 

A steel which gives satisfactory results should ba'l 



Steel IS usually all right, 

selected and then used until convinced that some- 
thing better is to be had. The judgment of an ex- 
perienced hardener is not always to be relied upon as 
to the best brand of steel for a particular purpose. It 
may be that he has had excellent results with a certain 
brand because he has methods of hardening particularly 
fitted to that brand of steel; but it may be true that 
were he to change his methods to adapt them to 
another steel, much better results would follow. 

The writer was at one time brought in contact 
with a hardener whose complaints in regard to the 
steel furnished had caused the superintendent of the 
shop to change the make of steel several times. Each 
time a new steel came into the shop the result was the 
same, until finally by the advice of one of the steel manu- 
facturers several tools similar to those previously hard- 
ened with unsatisfactory results were made from each 
of the condemned steels 'and given to a man who was 
considered an expert hardener. When they were hard- 
ened and returned they were all found to be in a satis- 
factory condition, not a crack visible in any of them. 
They all gave good satisfaction, proving that the 
man rather than the steel was at fault. 

Almost any of the leading makes of steel in the 
market will give good results if treated properly, but 
the same treatment will not answer for all makes. 
Some makes are more satisfactory than others for 
certain purposes, but better results may be obtained 
from most of them than is often the case. 

Steel may be purchased in bars of various shapes. 
The more common shapes are round, square, flat and 
octagon. If steel is to be cut from the bar and ma- 
chined to shape, it is advisable to purchase bars which 

27 



The choice of proper steel. 

allow of machining to the desired shape, at the least 
expense and with as little waste of material as possible. 
Always remember that it is necessary to remove the 
decarbonized portions previously mentioned. 

If a tool which is to be cylindrical in shape is to be 
made, use a piece of round steel. If an article which 
is to be finished square, use a piece of square steel, etc. 

Steel of the same quality and temper is furnished 
in all the common shapes on the market. It was for- 
merly considered necessary, if best results were de- 
sired, to use octagon steel when making cylindrical 
pieces of work, but now all steel makers claim to 
mate i^ound steel of exactly the same quality as the 
corresponding sizes of octagonal shape, and the exper- 
ience of every mechanic who has tested the two under 
similar circumstances substantiates the claim. 

The steel maker puts on the market steel of dif- 
ferent tempers, but he advocates the use of the par- 
ticular temper which he considers best adapted to the 
work in the individual shop. As a rule he does not 
make any mention of any other temper, because he 
knows that if steel of several different tempers are kept 
in stock, that in all probability the labels will be 
removed in a short time and any distinguishing marks 
be thrown away. Then no one in the shop will know 
one temper from another, and when a piece of J^ per 
cent, carbon steel is made into a shank mill or similar 
tool, and a piece of i j4 per cent carbon steel is made 
into some tool that must resist the action of heavy 
blows, trouble will follow and the steel be condemned. 
For this reason it is considered advisable to advocate 
the u.se of a temper that will give satisfactory results 
when put to most uses. But the fact remains that 



Carbnti necessary to proper results. 

steel, 111 order to give best results, should contain the 
proper percentage of carbon for use on the particular job. 
In shops where detail is followed very closely, the 
steel is kept in a stock-room, each different temper by 
itself, and so marked that there is no danger of it get- 
ting mixed. Much better results are then obtained, 
provided a competent man does the hardening, than if 
one temper was used for everj-thing. But in a shop 
where there is only one rack, and sometimes no rack, 
the stock, machinery steel, tool steel, and everything 
else is kept on this one rack, or in a pile on the floor, it 
is not advisable to have steel of different tempers 
lying around, or results anything but satisfactory are 
sure to follow. 



I Percentage of Carbon Necessary to Produce 
Desired Results. 
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^^T In the first part of this section is given a table of 
Hf^ercentages of carbon present in steel for various pur- 
■poses. This table is generally accepted as a guide to 
those desiring steel for any given purpose, and, gen- 
erally speaking, it is safe to use stock of the tempers 
given, but modem competition has made it necessary 
to harden steel harder and yet have it able to stand 
more than was formerly the case. When these condi- 
^"tions prevail, it is necessary many times, especially in 
^■jbe case of cutting tool,';, to use steel having a higher 
P^Bpffcentage of carbon than is given in the table. 
"■ When steel containing a higher percentage of car- 

bon ie used, then extra care must be observed when 
heating. For the operations of forging, annealing, or 
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pu rposes. 



hardening high carbon steels should nut under any c 
cumstauces be given to a careless workman, or to one 
not thorimghly familiar with the effects of heat on 
steel of this character. 

When high carbon steels are used and treated 
properly, they will do more work than steels contain- 
ing a lower percentage, but unless they are to be 
handled by a competent man, they generally prove to 
be a very unsatisfactory investment. 

When long articles which are to be hardened are 
made of tool steel, the writer has had excellent results 
by taking the steel as it came from the bar, or after it 
was roughed out for annealing, or even after it was 
forged in the smith's shop, by heating it to a forging 
heat. Then, standing it on end on the anvil, or on a 
block of iron on the floor^if it were long — and giving 
it one or more blows on the end with a hand hammer or 
sledge; the weight of the hammer depending on the 
size of the piece. This operation is sneered at by many 
expert steel workers, but the writer's experience con- 
vinces him that better results will follow when the 
piece is hardened, if this precaution is taken, the ten- 
dency to spring is apparently greatly reduced, Shoiild 
the piece be bent by the operation, it should be straight- 
ened while red hot, because if straightened cold, it most 
surely will spring when hardened. 

The writer has no intention of advertising any 
make of steel, as he does not believe any one make is 
best for all purposes, but experience has convinced him 
that some makes of steel give better results for certain 
purposes than others, also that some makes, are better j 
adapted for "all around " use than others. 

If a party is using a steel with unsatisfactoi 
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V Cheap steel not necessanly cTieap. 

Fresiilta, it is advisable to take measures to ascertain 
whether the trouble is in the steel, nr in the method of 
working it. The writer has seen one of the best steels 
_on the market condemned and its use discontinued, 
lecause the wortman who did the hardening had been 
iccustomed to a steel containing a lower percentage of 
■carbon. The steel he recommended was adopted, the 
results so far as hardening were concerned were satis- 
factory, but the tools did not produce nearly the 
amount of work they should. 

After a time, the services of an expert were sought. 
pe advocated the use of the very steel they had dis- 
irded. A tool was made from it, the expert harden- 
ing the tool. When put to actual use, it proved itself 
capable of doing many times the amount of work 
between grindings that conld be obtained from low 
^^Uarbon steel. 

^^B The hardener, like a sensible man, allowed the 

^^ftzpert to instruct him in the proper methods to pursue, 

^^Brith the result that he became one of the best hardeners 

^^Hhe writer has ever had the pleasure of meeting. 

^^r A steel should never be selected because it is cheap, 

because it often happens that the steels which sell for the 

least money are the dearest in the end. It is possible 

to put 31100.0a worth of work on apiece of steel costing 

25 cents. Now, if the tool was found useless when 

hardened, then $100.25 ^^^ been expended in vain. 

On the other hand, if steel adapted to the purpose had 

been used, and it had cost 50 cents, there would have 

been a clear saving in money of nearly Slioo.oo. This 

is not an exaggerated comparison, as such cases are 

^^^Bequently met with by the writer. 

^^^V On the other hand, it is folly to pay 75 cents a 
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pound for steel, when i6 cenfr wil! buy one exactly 
suited to the job. Good steel is cheaper at any price 
it would be apt to bring in the open market, than steel 
not adapted for the purpose would be if it were a gift. 
A steel not adapted to the purpose is dear at any price. I 

The writer has had charge of tool rooms employ-J 
ing large numbers of tool makers, and experience hoM 
convinced him that it is a saving of money in everyS 
case to test every bar of tool steel received into th«« 
shop that is to be made into tools. \ 

If the steel is kept in the stock-room, the Stock I 
keeper can — when the hack saw, or cutting off machins'j 
is not in use — cut a piece from the end of each bar, \ 
stamping the piece cut off and the bar alike. These^H 
pieces can be given to an experienced hardener, toB 
heat them to the proper hardening heat, and quencbfl 
them in a bath of water or brine. After they arva 
thoroughly dry, break as near across the center as pos^ 
sible, examining the center of fracture for pipes. Aa 
pipe is a cavity which of course makes the bar un- J 
sound. It may run the entire length of the bar. If 8.fl 
bar having a pipe is discovered, the steel maker ^viUll 
gladly replace it with a sound bar. Any make of stee» 
is liable to have cavities of this kind, although thcjfl 
inspector at the mill generally discovers it in the ingot^B 
thus preventing it being made into bars; but it some^ 
times escapes even the most careful inspection. I 

If a tool costing $50.00 were made from a bar thatfl 
was piped, it would in all probability go all to pieces iid 
the bath when hardened, unless the tool were of an 
character that allowed the piped portion to be re-fl 
moved. It is safer, however, to inspect the bar beforftB 
any costly tools are made from it. If the bar provesj 



Inspection an economy. 

sound, the grain should be examined; if this is fine, 
and of the proper appearance, it may be tef-ted for 
hardness with a file. 

If the piece proves to be all right, the oar may be 
stamped O. K. or given some distinguishing mark; 
should it prove otherwise, the manufacturer should be 
notified and the steel returned to the mill. 

This system of inspection may seem like a need- 
less waste of money, but the cost of one tool which is 
of no use when finished, would pay the necessary 
expense of testing all the steel used in a machine shop 
of the ordinary size in five years. 

When a tool is required to do extra hard work, that 
is, cut hard stock, or run at a higher speed than is 
ordinarily employed in the shop, it is advisable to get 
a steel having a greater percentage of carbon than the 
steel used for tools for ordinary work. When high 
carbon steels are bought, they should be distinctly 
labeled or stamped, and kept by themselves away from 
the rest of the steel, because if the identity of the 
piece is lost, it is liable to be made into tools and hard- 
ened without the hardener knowing that it differs in 
composition from the steel ordinarily used. As a con- 
sequence he would heat it to the same temperature he 
was accustomed to give the steel regularly used, and it 
would in all probability be cracked from the heat which 
was higher than was necessary. 
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The method employed when heating steel for any 
particular purpose depends on the facilities furnished 
by the individual shop. As it is not, generally speak- 
ing, the office of the hardener to purchase the equip- 
ment of the shop; but to use such equipment as may 
be furnished him, it is necessary that he adapt himself 
to circumstances as he finds them. The successful 
man is one who makes the best use possible of the 
equipment furnished him, 

If there are but a few tools to harden, and they are 
of a character that could be treated in a satisfactory 
manner in an ordinary blacksmith's forge, it would not 
be considered advisable to purchase a costly furnace, 
even though it were known that the work could be done 
more cheaply per piece, because the limited number of 
pieces would not warrant the extra outlay of money for 
equipment. 

On the other hand, if work was to be done in large 
quantities, it would be wise to procure the necessary 
eqtiipment to do the work in a satisfactory manner at 
the least cost po.ssible. If the total amount of harden- 
ing done in a shop in any one year was 6 or 7 diamond 
point turning tools and 2 or 3 side tools, it would be 
folly to invest several hundred dollars in a muffle fur- 
nace and an elaborate system of baths. But if the pro- 
duct of the shop was several hundred taps, reamers or 
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Bimilar tools per day, it would not be L'onsidered good 

s policy t'l heat them for hardtninjj in an ordin- 

■ blacksmith's forge. It would not be possible to 

o the work as cheaply, neither would It be done in as 

jatisfactory a manner as though apparatus especially 

idapted to this class of work were used. 

But, as previously stated, the hardener should make 
Wbe best possible use of apparatus furnished him. If 
Tbbliged to use a blacksmith's forge for heating steel 
"either for forging or hardening, he should see that his 
fire is clean and that it is high enough above the blast 
inlet so no jet of air can strike the heated steel. 

It is possible to heat comparatively small articles 
in a satisfactory manner in an ordinary forge by using 
care in regard to the .size and condition of the iire and 

|;e location of the piece of work in relation to the 
ast inlet. 
It is always advisable to build a fire large and high 
tough so that the portion of the piece being heated 
ill be covered to a considerable depth by the coals. 
therwise the action of the oxygen in the air would 
^ cause the carbon to be burned out of the surface of the 
steel, leaving it decarbonized ; in this condition it can- 
not harden. 

If the cold air from the blast strikes heated steel, 
t causes it to crack, particularly if there are teeth or 
projections, as these are more susceptible to the action 
of heat and cold than the heavier portions. The steel 
would expand from the action of the heat, the air 
striking the projections would cause contraction, and 
the repeated expansion and contraction would cause 
the steel to crack. 

If large pieces are to be hardened, a large high 
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Action of charcoal on steel. 



fire should be built, as a low fire in a forgo having jB 
tuyere — blast inlet — of the ordinary size would nofbim 
suiKciently large to heat the piece uniformly. It i»^ 
always advisable when heating large pieces to use a 
fire of new coals if charcoal is used as fuel, as coals 
which have been used for some time are burned to the 
extent that the fire is dead unless considerable blast is 
used, in which case the result would be a lot of cracked 
work. 

Charcoal is generally considered the ideal fuel to 
use when heating tool steel. As it is a form of carbon, 
it is generally given credit for imparting carbon to the 
steel heated in it. Now, this is the case, if low carbon 
steels are packed in a tube or box with a good quality 
of charcoal, away from the action of the fire and air, 
and nm for a considerable length of time. Carbon will 
then be absorbed by the steel. Before the process ofi 
making crucible steel was discovered, iron bars or ro< 
were packed in tubes with charcoal and run for a suffl 
cient length of time to charge the iron with carboi 
thus making a union of iron and carbon, or steel, i 
it is familiarly known. This process is known i 
"cementation.'.' 

It does not seem probable that a piece of tool ste^ 
high in carbon would absorb any extra carbon in tht 
brief time it was exposed to the action of fire, in heaa 
ing for hardening. On the contrary, if a piece of higfl 
carbon steel is heated in this manner, it is apt to loM 
some of the carbon at the surface. For this reason, j 
piece of high carbon steel is not so liable to have sut^ 
face cracks if heated for hardening in a charcoal fiM 
But from experiments, it can, I think, be truthfully 
claimed that a piece of 1.5 per cent, carbon steels 
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The use of muffle furnaces. 

not be as hard on the surface if heated in a charcoal 
fire, as if heated in a fire burning coke. 

But if steel must be heated in a fire, exposed to 
the action of the burning fuel, it is advisable in most 
cases to use charcoal, because it does not contain im- 
purities injurious to the steel. 

On the other hand, high carbon steel will not be as 
hard on the surface if heated in a charcoal fire, as if 
heated in some form of furnace where the article is not 
exposed to the action of the burning fuel, and as most 
of the other fuels contain impurities injurious to the 
steel, it is best to heat in a manner that removes it 
from the action, not only of the burning fuel, but also 
from the action of the air. In order to accomplish the 
desired result, the article may be placed in a tube or 
iron box, or a muffle furnace may be used. 

If many pieces are to be hardened, it is advisable 
to procure a furnace especially adapted to the class of 
work. The neatest, most easily managed furnace, and 
the one which gives as good satisfaction as any, is a 
form made to bum illuminating gas as fuel. These 
can be procured of almost any size. A very satisfac- 
tory style of this type is known as a muffle furnace, 
from the fact that the piece of steel to be heated is placed 
in an oven or muffle. The flame circulating around 
the muffle heats it to any required degree of heat. 
The steel is heated by radiation, consequently it is not 
subjected to the injurious effects of the products of 
combustion; and as the door may be closed, there is 
little danger of oxidation of the heated surface. If the 
furnace is not provided with some means whereby the 
work being heated may be readily observed without 
removing the door, it i.« advisable to drill one or two 
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Types of muffle furnaces. 

oae-inch holes in the door, covering them with mici 
These furnaces are by far the most satisfactory 1 
general use of any form the writer has used. Figs. 

and s represent"" 

two styles of 

these furnaces. 

If it is not coi 

sidered advi 

able to purchs 

afiimaceof this 

description and 

one is to be 







Figure 4. Muffle iiirnacc Tor hirilening, 

satisfactory means of heating under the circumstance 
mentioned. The grate should be made the size of tttj 
3K 



Types of muffle furnaces. 

inside of the furnace, as in this way a uniform heat 
may be maintained in all parts of the furnace, and it 
will not be necessary to use a blast. A natural draft 
will be found sufficient. 

Fig. 6 shows a furnace of the type mentioned, the 
dimensions depending on the size and character of the 
work to be heated. 
A damper should be 
placed in the smoke 
pipe in order to check 
the fire if there is 
danger of its becoming 
too hot. This damper 
should not be of the 
type usually put in the 
pipe of a coal stove, as 
these dampers are made 
with a hole to allow for 
the escape of gas. It is 
not desirable to have 
this hole in the damper, 
as it is impossible to 
check the fire on a 
windy day. The lower 
door must also be fur- 
nished with a damper, 
in order to furnish 




Figure 5. Muffle furnace for hardening. 



draft when desired. It is possible with this furnace 
to do very excellent work. 

If it is desirable to build a muffle furnace, one 
may be made to use either charcoal, coke, or hard coal 
as fuel by taking the one represented in Fig. 7 as a 
model, and changing the design to meet the require- 
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"Home-made" muffle furnaces. 

ments. The interior of the muffle is represented by A,' 
B is the fire box, C the ash pan. The heat and smoke 
passing up from the fire box follow the direction of the 
arrow passinjf under the nniffle and out of the 
pipe at D. A damper should be placed in the smolsj 




pipe and one in the ash chamber door. By mi 
these dampers the draft can be regulated very nicelil 
This form of furnace works very nicely in heatiis^ 
dies and similar work. 

When small articles are hardened in large qua3 
titles a furnace may be made of the design shown I 



"Home-made" muffle furnaces. 

Fig. 8, where a represents the fire box which bums 
hard coal, charcoal or coke; b the ash box; and c the 
chamber for heating the work. The front plate has a 
number of holes corresponding to the number of tubes 
it is considered advisable to heat at a time. The tubes 
are made by taking a gas pipe, plugging one end as 





The Derry Collard Co. 

Figure 7. A "home-made" furnace for burning 
charcoal, coke or hard coal. 

shown as Fig. 9, the other end being left open. A 
number of pieces of work may be placed in each tube 
and the tubes placed in the openings. The tubes at 
the bottom will heat more quickly than those at the 
top, so it is advisable when a tube in the bottom row 
is taken from the furnace to fill its place with one from 
one of the top rows. The tubes as they are filled may 
be placed in the top rows and allowed to heat gradually 
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and later removed and placed in the lower row. 
following this plan it is possible to heat the wc^ 
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gradually and yet harden a large amount of work in I 
given time. The tubes should be turned occasionally 
in order to insure even heating and satisfactory results. 
When but a few small pieces are to be hardea 




a gas blast of the form shown in Fig. lo answe: 
nicely. If the pieces are of a size that guarantee thi 



Apparatus for heating small number of pieces. 

heating" quickly it is safe to hold them in the flame, 
having a piece of fire brick to reflect the heat. By 
this means the heat is utilized to much better advan- 
tage than if nothing were placed back of the work. It 
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Figure lo. Gas blast for heating a few pieces. 

is possible by forming a cavity in the brick or making 
a small oven as shown in Fig. 1 1 to heat a much larger 
piece of work in an ordinary blow pipe than would 
otherwise be the case. 




Figure 1 1 . Another form of gas blast for heating 

A crude but satisfactory method of economically 
heating small pieces is furnished by the idea presented 
in Fig. 12, in which case a small oven is built of fire 
brick, or a casting of the desired shape may be 
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Gas blasts fur heating a few pieces. 

obtained. In either case a flame from gas Mast should 
enter at one or both sides through holes provided. 

Small articles may be heated by using a Bunsen 








burner, as shown in Fig. 13, which can be applied to i 
gas pipe in place of the ordinary burner, or may be 
connected by means of a piece of rubber tube. When 
using a burner of this description the work can be 
heated more readily if a piece of sheet iron is placed 
over the burner at the proper height, the article to be 
heated being placed beneath this, the sheet metal 
reflecting the heat and thus increasing its utility. 

It is also possible by means of a blow pipe to heat 
very small articles sufficiently for hardening by means 
of an ordinary gas jet or the flame of a spirit lamp, as 
shown in Fig. 14. This is an expensive method when 
work is heated in quantities, but answers very nicely 
for one or two pieces. 

When heating for forging or any work where the 
outside of the steel is afterwards to be removed it is 



Heating small articles. 

advisable to use a form of furnace where the direct 
heat of the fire comes in contact with the steel, as it is 
much more economical and is, generally 
speaking, a quicker method than heating 
in a muffle furnace. It is advisable many 
times when heating large pieces of steel 
for hardening, to use a furnace, as de- 
scribed, on account of economy. In case 




Figure 14. The blow pipe 
llay of heating. 

the outer decarbonized surface is to be 
ground away, the results will be satisfactory; 
"but if the outer surface must be hard, then 
it is necessary to protect the 

Vft surface from the action of 
11 the products of combustion. 

;u«i3. Bu^lTl^X "^^'^ ^^y ^^ accomplished 
heitini uniU utjEtci. by Several different methods. 



Covering paste, and how to make it. 

One method is to place the portion of the piece, which 
mvist not be decarbonized, in a box with carbonaceous 
materials — as charcoal or charred leather — and subject 
to heat until the piece has reached the desired upifonn 
temperature, being careful that the part which is 
exposed to the direct heat of the fire does not get 
over-heated. 

Another method which is used when an article 
must be hard on all its surfaces is to cover the piece 
with a carbonaceous paste, consisting of the following 
ingredients ; 

Pulverized charred leather ..2 parts. 

Fine family flour 2 " 

Pine table salt i part. 

Mix thoroughly while in a dry state. Water is then 
added slowly to prevent lumps; enough water may be 
added to make it of the desired consistency, which 
depends on the nature of the work and the length of 
time it must be exposed to the action of the fire. If 
the articles are small and will heat to the proper temp- 
erature for hardening in a few minutes, it should be of 
the consistency of varnish. If, however, the pieces are 
large and require considerable time for heating, it must 
be made thicker. 

Various substances are heated red hot in crucibles 
or iron dishes, and pieces to be hardened are heated in 
them. These exclude the air and so prevent oxidation 
and de carbonization of the surface of the steel. Among 
the substances used are lead, tin, glass, cyanide of 
potassium, a mixture of salt and cyanide of potassium. 

Lead is heated in a crucible in a furnace of the 
forms shown in Figs. 15, 16. It furnishes a very excel- 
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in molten lead. 



Uent means uf heating work which is hardened in large 
^quantities. When making furnaces to heat lead red 
jlot for use in hardening steel, some means should be 
R^rovided for carrying off the fumes of the lead, as they 
are very injuri- 
ous to the work- 
man. They are 
especially hard to 
dispose of, as 
they are heavier 
than the atmos- 
pheric air; conse- 
quently cannot 
be disposed of as 
readily by means 
of a ventilating 
. shaft as other 
fumes. It is nec- 
essary to furnish 
a pipe connected 
with an exhaust 
fan. This pipe 
!hay be at the back of the furnace instead of over it, as 
1 generally the case when gases or smoke are to be 
»rried off. It should not be arranged in a manner 
hat will cause the surface of the lead to become 
eoled by a current of air passing over it. 

If illuminating gas can be procured at areasonable 
[ate, it furnishes an ideal method of heating a crucible 
f lead. Furnaces burning illuminating gas can be pro- 
sired of a size and shape adapted to the work to be 
If, however, it is considered advisable to make 
ace for this purpose, one may be made which 
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molten [e:itl. 



will give good satiafactinii. IL can bo maile to burn 
oil, coal, charcoal or coke. If oil is tlie fuel to be used, 
it is advisable to install a system especially for this 
method, and as circulars and full explanations can be 




procured from manufacturers who make these outq 
it would not he wise to go into their details here. 

If it is convsidered advisable to make a fun 
burning charcoal, hard coal or coke, the design shol 
in Fig. 17 may be used or changed to adapt it 
these fuels. The outer shell may be made of cast 
iron, although it may be possible to procure an old 



"Home-made" lead heating apparatus. 




boiler, which can 
usually be bought 
very cheaply, A 
piece the desired 
length may be cut 
from this, that an- 
swers the purpose 
very nicely. A round 
grate and the neces- 
sary frame to support 
it may be procured 
from a stove dealer. 
The form of grate 
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Flggte 17. Coal, coke or charcoal furnace for lead heal 



"Home-made" lead heating apparatus. 



used in the ord: 



inary cylinder parldr stove will answei 
every purpose. The frame shoiild be attached to the 
shell or blocked up from the bottom of the ash box, to 
allow the grate to be turned in dumping the contents of 
the furnace. The interior of the furnace may be made 
of circular fire brick, which may be supported by the 
slab which forms the base or bottom of the ash box and 
designated as the bottom plate. In case fire brick are 
used, the grate frame may be built into the brick work 
as shown. If, however, a stove lining of the desired 
size can be procured, the bricks need extend only up 
to the frame, the lining extending from the frame to 
the top of the shell. It is necessary to cut an opening 
in the ash box in the front of the shell. This should 
be covered with a swinging door, containing a sliding 
damper. This door is necessary in order to removt 
the ashes. 

A smoke pipe must be provided to carry off tl 
smoke and gas from the fire. This should be 
nected with the shell at the top on the back side o 
furnace. Over the top of the furnace must be pL 
a plate, having a hole in the center about one half 
larger than the size of the crucible to be used, 
plate should be cast in two pieces, having more 
one-half of the hole in the part that goes at the t 
The .smaller or front half may be moved forward, thi 
affording an opening to feed the coal to the fire, 
object in having more than one-half the opening 
back part of the cover is to prevent the crucible fn 
tipping over when the front plate is removed, 
there is not sufficient coal in the furnace to support 
It is necessary to place a piece of fire brick 
center of the grate for the crucible to rest on ii 



Cyanide of potassium furnace. 

that the fire may be beneath it. The smake pipe 
should be provided with a damper, to enable the 
operator to properly control the fire. This form of 
furnace gives 
best satisfaction 
when hard coal 
is used as fuel. 

Red-hot cya- 
nide of potassium 
is used with ex- 
cellent results in 
heating tools for 
hardening. It 
not only heats the 
steel uniformly, 
but, being lighter 
than steel, the 
latter sinks in the 
fluid, thus effect- 
ually excluding 
the air from the 
surface of the 
steel. It also has 
the effect of mak- 
ing the surface 
somewhat harder 
than it otherwise 
would be, without 
making the steel 
more brittle. 

It should be 
borne in mind 
that cyanide of 




iS. Furnace (br heat 
inide of potusiuRl. 



Heating cyanide liy gas furnace. 

potassium is a violent poisun, and great care should b 
exercised in its use. Not only is it poisonous whei 
taken into the stomach, but the fumes are highly in 
jttrioiiH to the workman i£ inhaled. However, 
naces are properly designed and set up, the fumes m^H 



be disposed of i 
trouble. 

In Fig. 
pecially for use i 
The fuel used h 



I manner that does away with tte 



) shown a form of furnace made t 
n heating in cyanide of potassiutd 
illuminating gas, the products ffP 
combustion passing up the pipe E to the main pipe F 
which also conveys the fumes of the melted cyanide 
into the chimney or ventilating shaft. The burners 
enter the furnace at A and heat the crucible B, which 
contains the cyanide. A hood C, which is provided 
with a door D, keeps the fumes from entering the 
room as they are conveyed into the pipe F. The 
lighting holes G G are closed by the plugs showa 
when the fire is well under way. 

When a comparatively small number of sm 
pieces are to be hardened, it is possible to heat 1 
necessary amount of cyanide in a small iron dish in S 
ordinary forge. The pieces may be held in this und 
the desired effect has been accomplished, when tha 
may be quenched. 

As the work heated in this manner is usually huia 
from the edge of the crucible by means of wire hooja 
it is generally considered advisable to use a squa| 
crucible rather than a round one when work is doi 
in large quantities. 

When a furnace is to be made for this purpose, tfl 
form represented in Figs. 19-20 will be found to giia 
good results. This furnace burns hard coal. The c: 
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ble which is made of cast iron is square in shape and 

hang's from the flange, 
which is cast around 
the upper edge. The 
top of the crucible is 
below the top of the 
back of the furnace. 
. An opening into this 
allows the fumes to es- 
cape into the chimney. 
A quantity of salt 
is placed in a crucible 
and heated red hot. 
To this is added cya- 



Figures 19-20. A "home-made** 
cyanide heating furnace. 
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nide of potas- 
sium until 
the steel 
heated in 
it shows 
the proper 
amount of 
hardness. 
This method 
is used by 
manufactur- 
ers of taps 
and similar 

tools, who The Derry Collard Co. 

claim excellent results by its use. The same general 
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Where furnaces should be located. 



remarks apply to this method as to heating in cyanide 
of potassium. 

Glass heated in a crucible until it is red-hot is the 
means used by some watch makers to heat the hair 
springs of the watches. " It is claimed that the nature 
of steel heated in this manner will not change in the 
least. 

Very little attention is paid in most shops to the 
location of the forge or furnace used in heating steel ; 
generally any out-of-the-way place is selected. IE 
there is any portion of the shop that cannot be utilized 
for anything else, it is given up to this purpose. 

The fire for heating steel should receive more con- 
sideration, so far as location is concerned, than almost 
any other part of the equipment. It should never be 
located where the direct rays of the sun or any strong 
light can shine in it, or in the operator's eyes, for un- 
even residts will surely follow. It should never be 
located in or near a window, neither should the roof be 
constructed with skylights which allow any of the 
siin's rays or any strong light to enter the portion of 
the room where the furnace is located. 

An ideal place for the location of a furnace used in 
heating steel for hardening, is in a room so constructed 
that no rays of sunshine or direct light can enter it. 

It is extremely important that due consideration 
is given the stibject of ventilation. Some means 
should be provided whereby pure air can he freely 
supplied without creating drafts, which would cause 
the operator, who is perspiring freely, to take cold. 
The room should be so located that it will not be damp, 
or tlie health of the workman would be hazarded. 

Too often in the past the precautions noted have 
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Heating tool steel. 



Teceived very little consideration, because those in 
iharge did not realize the importance of a properly 
iquipped ut located room in which to du this class of 

work. 

Heating Tool Steel. 



Tool steel is very sensitive to the action of heat. 
ijA. slight difference in temperature after a piece has 
ireached the proper hardening heat will be noticeable 
in the grain of the steel. When heating for hardening, 
the lowest possible heat that will give the desired 
result should be used, The amount of heat necessary 
to produce this result depends on the make of the steel, 
the percentage of carbon it contains, the percentage of 
other hardening elements that may be in the steel, 
.the size of the piece, and the use to which it is to be put 
■when hardened — all these must be taken into con- 
sideration. A steel low in carbon requires a higher 
heat than a piece of high carbon steel in order that it 
may be as hard. A small tool does not require as much 
lieat as a larger one of the same general outline. A 
.tool with teeth or other projections will harden at a 
lower heat than a solid piece of the same si^e made 
Erom the same bar of steel. There is a proper heat at 
which a piece of steel should be hardened in order to 
produce the best results, but this heat varies, as pre- 
viously explained. 

If two milling machine cutters were made from 
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Refining heat, and what it means. 

two different makes of steel the writer has in mind, 
and were heated in a manner that would give excellent 
results in the case of one, the other would not harden 
satisfactorily. Now, were the operator to heat both to 
the proper hardening heat for the other make, the first 
one mentioned wonld be unfitted to do what was 
expected of it. Either make of steel would give good 
results if heated to its proper heat. 

The commonly used expression of degrees of heat 
which tool steel should receive is a cherry red. The 
writer cannot dispute the appropriateness of this terra, 
but cherry red is a varying color when applied to the 
hardening heat of tool steel, and also when applied to 
cherries. Mr. Metcalf, in his work on steel, styles 
this heat as the refining heat, and this seems to express 
the idea nicely. 

Steel should be heated to a temperature that, when 
hardened and broken, the fracture will show the grain 
to be the finest possible, and the steel will be hard. 
Now, if we heat a piece from the same bar a trifle 
hotter and break it, the fracture will show a coarser 
grain. The hotter the piece is heated, the coarser the 
grain becomes; and the coarser it is, the more brittle 
the steel is. While, to be sure, steel heated a trifle 
above the refining heat will he somewhat harder than if 
heated to the refining heat, yet the brittleness more 
than offsets the extra hardness; and if it is to be used, 
it will be found necessary to draw the temper in order 
to reduce the brittleness to a point where it is practical 
to use the tool. 

After taking the necessary means to reduce the 
brittleness as described, an examination of the tool 
will reveal the fact that in drawing the temper we have 



The use of test pieces. 

softened the piece to an extent that it is not as hard as 
the piece hardened at the refining heat. Neither will it 
do anywhere near the amount of work, as the grain is 
open and when the pressure is applied in the operation 
of cutting, the surface caves in because of the open 
grain. The surface has not the backing it would have, 
were the grain close or fine. 

A method which the writer has used in his experi- 
ments and also in demonstrating the effect of heat on 
the grain of steel is to take six pieces of steel that can 
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Figure 21. Test pieces. 

be readily broken. Cut the required number from a 
ban inch to i}4 inches diameter, having the pieces 
about -j-e of an inch thick. Now heat the pieces one at 
a time in a furnace so situated that no rays of the sun 
or any strong light can shine either into the fire or into 
the eyes of the operator. It is advisable to have the 
"umace located in a room that can be darkened so that 
it is neither light nor extremely dark, but it must bb 
uniform throughout the experiment. Now heat onS 
piece until it shows somewhat red, yet a certain black 
is discernible in the center of the piece. Dip into the 
bath and work it around well; leave until cold. NoW 
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heat another piece until it shows the lowest red pos- 
sible throughout with no trace of black. Heat the 
■ third piece a trifle hotter, and continue to heat each 
piece hotter than the preceding one until they are all 
hardened, heating number 6 to what is familiarly 
termed a white heat. 

Previous to heating, each piece should be stamped 
in two places, as shown in Fig, i\, in order that the 
pieces may be broken across the center, as indicated by 
the dotted lines, and yet the halves of the same piece 
be easily recognized. When heating, commence with 
the piece marked i, and heat consecutively. After 
hardening them all at the different heats, drj- thoroughly 
in saw dust or by any means whereby the surface may 
be made perfectly dry, after which they may be broken. 
This can be done by screwing the piece in the jaws of 
a vise, putting about one half of it below the tops of 
the jaws. With a liaminer the upper part may be 
broken off, being careful that the piece does not fly and 
strike so as to stain the walls of the fracture; or the 
part projecting above the vise may be caught between 
the jaws of a monkey wrench and the piece broken. 

An examination of the piece marked Fig. 22 will 
show it to be somewhat hardened. The grain wil! not 
be especially fine and will have a peculiar appearance. 
No. 2 will be very hard and the grain will be very fine. 
It will break with very ragged walls, as shown. No. 3 
will also be very hard and the grain not as fine as No. 
J. The grain of No. 4 will be coarser than No. 3. 
No. 5 will be coarser than No. 4, while the grain of 
No. 6 will be extremely coarse and the steel unfitted 
for anything but the scrap heap. 

It will pay any man who is desirous of learning to 






J 



Temperatures for different steels. 

liarden steel properly to try this experiment. The steel 
will cost him but a few cents, and it need take but a 
short time to heat it; but the knowledge gained of the 
action of heat on tool steel will be of inestimable value 
to him, as he can readily see the effeets of proper and 
improper heating on the structure' and strength of steel. 
If the operator notes carefully the heats, he will 
be surprised at the difference in the amount of force 
necessary to break a piece of steel hardened at the 
refining heat and one heated slightly above this tem- 
perature, which, in fact, is hardly discernible to the eye 
in the light of an ordinary blacksmith's shop. The 
difference in the strength of a piece hardened at the 
refining heat and one heated to s.full red is especially 
noticeable. In the former case it seems almost impos- 
uble to break it by a blow of a hammer, and it seldom 

ti be broken across the center, sogreat is the adhesion 

stween the molecules that make up the piece of steel, 
^hile in the case .of a piece heated to a full red, the 
may be broken easily, as compared with the 
■. When one takes into consideration the fact that 

e ordinary workman heats steel when hardening to a 
^11 red oftener than to the refining heat, it is wonder- 

1 that the results obtained are as satisfactory as they 



As stated, the temperature to which a piece of 
[eel must be heated in order to refine it, depends on 
pe composition of the steel. Tests of different steels 
(flve led authorities on this subject to the conclusion 
8iat it is necessary to heat a piece of steel to a tem- 
"perature between 800° and 1 zoo" Fahr. in order that it 
may harden when plunged in a cooling bath. Jaroli- 
neck places the temperature at 932° F. (500° C.) as 



The uniform heating of steel. 

determined by experiments made by him, while other 
authorities claim best results when the steel was heated 
to 1 200° F, {about 650° C). As this difference (268° F.) 
involves a wide range of heat, it is evident that steels 
containing different percentages of carbon were tised 
in the various tests. 

If a piece of steel be heated to the refining heat and 
then quenched as soon as the heat is uniform through- 
out the piece, the steel is in the best condition possible 
for most uses. It should be quenched as soon as it is 
uniformly heated to the proper temperature. If sub- 
jected to heat after it reaches this temperature, it will 
become somewhat hotter. In fact, it has been ascer- 
tained by experiment that after steel is heated to a low 
red the temperature may be raised, and the difference 
in the heat not be discernible to the eye. For this 
reason it is advisable, if dest results are desired, to 
quench as soott as Ihe desired uniform heat is attained. 

It is also important that steel should be heated 
uniformly. If a square bloct be heated so that the 
center is of the proper heat and the ends and comers 
are hotter, strains are set up in the piece, and it is very 
liable to crack when hardened. This also applies to a 
piece of any shape. While it is extremely necessary 
that the operator observe the greatest possible care in 
regard to the quantity of heat given steel, yet it does 
not harm steel as much to heat it a trifle too hot as it 
does to heat it unevenly, for while the higher heat un- 
fits it for doing the maximum amount of work possible, 
the uneven heat is very liable to cause it to crack when 
hardened. 

A piece of steel should not be heated faster than ia 
possible tP maintain a uniform heat. By this 
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The condition of" the grain of steel. 

the heating should not be forced su that the outside is 
Ted hot while the center is black because in all prob- 
ability the furnace would be so hot that the outside of 
the article would keep growing hotter while the center 
was getting to the desired heat. The result would be 
an uneven heat. Neither should a piece o£ steel be 
any longer in heating than is necessary, because after it 
is red hot, it will, if exposed to the action of the air, 
become somewhat decarbonized on the surface, thus 
materially affecting the steel. Tool steel should be 
heated as fast as it will take heat, and no faster. A 
piece should not be forced by heating the furnace to a 
temperature that will affect the surface while the heat 
is equalizing. Steel should never be heated too hot, 
and allowed to cool to what is considered the proper 
heat, and then hardened, as the grain will be as coarse 
as if dipped at the high heat. 

The grain of steel remains in the condition the 
highest heat received leaves it, until it is reheated, 
when it is adjusted to that heat. The condition of the 
grain of the steel is an unvarying guide as to the 
amount of heat it received the last time it was heated. 
For instance, a piece of steel is heated to the tempera- 
ture of the piece marked 4 Fig. 22 in our experiment. 
Now, take one of the broken pieces and reheat it to a 
temperature given the piece marked 2, which was the 
refining heat. Break this piece. An examination will 
r reveal the fact that the grain has the same structure as 
ie piece marked 2, thus proving that the grain of steel 
iforms to the last heat given it. This does not 
jcessarily prove that a piece of steel is capable of 
pBoing the amount of work after it has been heated 
liotter than it should have been, and then reheated to a 
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Tower heat, thus closing; the pores; but it is better than 
if in the condition the high heat would leave it. 

Steel should always be hardened on what is known 
as a "rising" heat, never on a "falling" heat, is the 
advice an old hardener gave the writer when a boy, 
learning his trade, and he has found it true. It also 
agrees with the advice of most writers on this subject. 
It is quite necessary, in order to get uniform results, to 
move the articles around in the furnace and turn them 
over occasionally. When round (cylindrical) pieces of 
steel, having no teeth, projections, or other irregulari- 
ties on its surface, are being heated for hardening, it 
is necessary to ttim them occasionally, as, if left in one 
position without turning, iintil it is red hot, no matter 
how uniform the heat may be, it will, in all probability, 
have a soft line the entire length of the top side as it 
lay in the fire. It will also be found by experiment 
that round pieces are more liable to crack from uneven 
heating than pieces of almost any other shape; neither 
will they safely stand as high a degree of heat as some 
pieces, on account of their shape, which makes them 
offer greater resistance to a change of form. 

If possible, when heating articles having heavy 
and light sections adjoining each other, as shown in 
Fig. 23, heat the heavy portion first, then the lighter 
one; but if this is not possible, have a slow fire, in 
order that the light part may not be overheated before 
the heavy one is to the required heat. The muffle 
furnace furnishes a very satisfactory method of heating 
steel, because the products of combustion cannot come 
in contact with the steel, and oxidation from the action 
of the air is done away with or reduced to the minimum. 
If it is not possible to use a furnace of this description, 



ik 



The Deny Ck>Ilard Co. 

Figure 23. A piece for a slow fire. 



When coals should not be used. 

very good results may be obtained by enclosing the 
article in a piece of pipe or tube and heating in an open 
fire, because in this case the steel is not exposed to the 
action of the fire. It is necessary to turn the work 
over occasionally in order to get a uniform heat. 

It is never advisable to use any kind of fire where 

the air from the blast 
can strike the piece be- 
ing heated, or it will 
crack in innumerable 
places. The steel will 
look as though it were 
full of hairs. For this 
reason, if obliged to use 
a blacksmith's forge, build a fire high enough to do 
away with any tendency of this trouble. A fire of old 
coals should not be used if the article to be heated is of 
any size, as the goodness is burned out of the coal, 
and it will be found necessary to use a strong blast in 
order to have a fire hot enough to heat the piece- 
As a consequence, the air strikes the piece with the 
result mentioned. 

Steel should not be heated in a manner that leaves 
one side exposed to the air, or the exposed side will 
become oxidized to a considerable extent, and as the 
piece is turned in the fire the whole surface becomes 
oxidized and resembles a piece of burnt steel. The 
surface is not of any use, as the carbon is burned out, 
and it cannot be hardened. Some makes of steel give 
off their surface carbon very readily if exposed to-the 
air when red hot. If a tool made from one of these 
steels be heated in a manner that allows the air to come 
in contact with it, the outside becomes decarbonized, 
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and consequently is soft, while the metal underneath 
the surface is extremely hard. Now, this might not he 
harmful in the case of a tool whose outer surface was 
to be ground away, but if the surface of a tap, formed 
mil! or similar tool becomes decarbonized, it is practi- 
cally useless. Now, if these same tools had been 
heated in a muffle furnace or in a piece of pipe in the 
open fire, removed from the action of the fire and the 
air, the insult would have been that the tool would 
have given excellent satisfaction. "While all makes of 
steel are not so sensitive to the action of the fire and 
air when they are red hot, yet any steel gives better 
results if it is removed from their action while in this 
condition. 

A man experienced in the effects of heat on steel 
is surprised at the apparent indifference of some hard- 
eners when heating steel. A tool hardened properly 
and tested for strength in a testing machine will be 
found very much stronger than if heated a trifle hotter. 
When we consider that hardness, toughness and close- 
ne.ss of grain are the qualities desired in a cutting tool, 
we realize that there is nothing gained by heating tool 
steel above the refining heat for most work. Steel 
quenched at this heat is very hard, tough, and the grain 
is the finest possible. Now, every degree of heat which 
it receives above this point unfits it for doing the 
maximum amount of work possible, because it causes 
the steel to he brittle and makes the grain coarse. 

The writer has made exhaustive experiments in 
regard to the effects of heat on the strength of steel, 
and assures the reader that a piece of steel hardened at 
the refining heat requires a much greater force to 
break it than one heated to a full red. -Knowing this. 



Reheating to remove strains. 

the reader can judge how much heavier cuts can be 
taken with a tool properly heated than with one heated 
too hot, as the steel is made brittle, and in this condi- 
tion is more liable to chip or flake off under pressure. 
The grain being coarse does not present a dense body, 
but the internal structure has a honeycomb appear- 
ance ; consequently when pressure is applied the surface 
caves in, because it does not have the backing it would 
if the grain were compact. 



Reheating to Remove Strains. 

As steel heated red-hot and cooled quickly con- 
tracts, and as the outer surface hardens and becomes 
rigid before the interior of the piece has ceased con- 
tracting and altering its form and the position of its 
molecules, the molecules that make up the interior of 
the piece cannot assume the exact positions they 
should ; consequently, strains are set up. Now, if the 
outer portion of the article is sufficiently strong to 
resist the tendency of the interior of the piece to alter 
its form, it may not crack or it may resist the strain 
for a considerable length of time. But for some cause 
a certain portion of the exterior of the piece becomes 
weakened, or the conditions are such that the outside 
can not longer resist the internal strain, and the piece 
is cracked, or it may burst. Many times large, heavy 
pieces of steel will burst with a report as loud as a gun, 
and pieces of the steel will be carried for some distance 
by the force exerted. 

Now, in order to avoid this tendency, it is neces- 
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sary tu reheat tbe piece as soon as it is taken from the 
hardening; bath, to a temperature that allows the vari- 
ous portions of the piece to conform to one another. 
A piece of hardened steel becomes pliable to a degree 
when heated, the amount of pliability depending on 
the temperature to which the piece is heated. This is 
illustrated elsewhere in the case of articles crooked in 
hardening, which are straightened after heating to a 
certain temperature. After cooling they remain the 
shape given, but were we to attempt to spring them as 
much when cold, they would certainly break. 

It is advisable, after taking a piece of hardened 
steel from the bath, to hold it over a fire or in some man- 
ner sitbject it to heat, in order that it may become 
pliable enough to remove the tendency to crack from 
internal strains. 

The method pursued in removing the strains 
varies. If an open fire is at band, the piece may be 
held over this until heated to the proper temperature. 
It sbottld be constantly turned, in order to insure uni- 
form results. When pieces are hardened in large 
quantities, this is a very expensive practice. In such 
cases, it is advisable to have a tank of oil, whicli is 
kept at the desired temperature, this being gauged by 
means of a thermometer. 

A very satisfactory method, and one used by the 
■writer for many years, consists in using a tank of 
water, the contents of which are kept at the boiling 
point (212°). When a piece of hardened steel is 
removed from the bath, it is immediately dropped in 
the boiling water. The tank has a catch pan to receive 
the work, as shown in Fig. 24, A steam pipe is con- 
nected with the tank in order to keep the water at the 
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The removal of internal strains. 

desired temperature. It is, of course, necessary to 
provide an overflow pipe, as represented. 

When it is not considered advisable to procure a 
tank, as represented, a kettle of water may be placed 
over a fire and brought to the boiling point and used 
as described. 

When it is thought to be advisable to remove the 

tendency to crack 
from internal 
strains and draw 
the temper at the 
same time, it may 
be done by heating 
a kettle of oil to 
the desired tem- 
perature, gauging 
the heat by a ther- 
m o m e t e r . The 
pieces, as they are 
taken from the 
hardening bath, 
may be dropped in 
this and left long 
enough to insure 
uniform heating. 
Should it be considered advisable to heat articles 
of irregular shape, having heavy and light portions 
adjoining each other, it would not be advisable to sud- 
denly immerse them in liquid heated to 300°, 400° or 500° 
Fahr., as the unequal expansion might cause the pieces 
to crack where the heavy and light portions joined. 
In such cases it is sometimes considered advisable to 
place them in a kettle of boiling water first, removing 
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Figure 24. Tank of boiling water 
for removing internal strains. 
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them from time to time .ind placing in the kettle of 
oil, heated to the temperature to whidi the pieces must 
be heated in drawing temper; or two kettles of oil, 
heated to differeijt temperatures, are sometimes used, 
the first being kept at 250" or as as near that as possi- 
ble, the other being the desired temperature. When 
the pieces are removed from the first kettle and placed 
in the second, it, of course, reduces the temperature of 
the oil, but it gradually rises to the desired point when 
the articles are removed. 



Forging. 
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It is not the writer's intention to devote, much 
space to explanation of the method in which steel 
should be forged for the various cutting tools. In 
order to do the subject justice, it would be necessary 
to devote more space than can be spared, but the forg- 
ing and hardening of a tool are so closely identified, j 
seems necessary to briefly consider the subject. 

Many tools are rendered unfit for use by the t 
ment they receive in the forge shop, and a 
custom in many shops to have the forging done by one 
man, and the hardening by another, a great amount of 
trouble is experienced, because each tries to lay : 
trouble that comes from the hardened product to i 
other. 

Heating is the most important of the operationa'B 
which it is necessary to subject steel, whether it be f 
forging, annealing or hardening. 

bS 



Superiority of hammered steel. 

Unless steel is uniformly heated throughout, vio- 
lent strains are set up; when the piece is hardened 
these manifest themselves. If the steel is not heated 
uniformly throughout the mass, it cannot flow evenly 
under the blows of the hammer, consequently the grain 
is not closed in a uniform manner. 

While it is necessary, in order to get satisfactory 
results, to heat steel hot enough to make it plastic, in 
order that it may be hammered to shape, care should 
be exercised that it is not overheated, or the grain will 
be opened to an extent that it can not be closed by any 
means at hand in the ordinary forge shop. 

If a large piece of steel requiring considerable 
change in size is to be forged, and means are at hand 
to forge it with heavy blows, it can safely be given a 
higher heat than a smaller article which does not require 
much change of size or form. 

If tool steel is hammered carefully, with heavy 
blows while it is the hottest, and then with lighter, 
'more rapid blows as it cools, the grain will be closed 
and become very fine. 

When the temperature is reduced to a low red, 
care should be exercised, for when traces of black begin 
to show through the red, it is dangerous to then give it 
any heavy blows, as they would crush the grain. 

By actual test it has been proven time and again 
that steel, which has been properly hammered, is super- 
ior to the same steel as it comes from the steel mill, 
but unless the work is done by an intelligent smith, 
who understands the effect of heat on the structure of 
steel, the forging will have the opposite effect to the 
one desired. 

Many steel manufacturers advocate the purchase 
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of steel in bars of the desired size, and do not advise 
forging, claiming best results if the article is machined 
to size and shape. The reason for this is, that there 
are many careless, ignorant workers of steel in the 
various blacksmith shops— men who either do not know 
the effects of improper methods of heating and ham- 
mering, or knowing, do not care. As a consequence, 
a great quantity of steel is annually rendered unfit for 
doing the work it might do were it treated properly. 

For this reason it is advisable to machine a piece 
■ of steel to shape, rather than to have it forged by any 
but a skillful smith. Yet the fact remains that a piece 
of steel heated and hammered properly will do more 
work than a tool of the same description cut from the 
same bar and machined to shape, even if it is hardened 
in exactly the same manner. 

A piece of steel properly forged is known by tool 
makers as "hammer refined" steel, and is highly valued 
by them for tools which are expected to do extra hi 
work. Tool steel is furnished in bans, blanks or fi 
ings of almost any desired shape. 

The smith should bear in mind that heats which 
are too high open the grain, thereby weakening the 
steel and making it incapable of doing the largest 
amount of work possible. If steel is hammered when 
too cold, the grain is crushed, causing it to crack when 
hardened ; or if it does not crack, the cutting edges will 
flake off when in use. If the steel is unevenly heated, 
that is, the outside heated hotter than the inside, the 
outside portion being softer will respond to the action 
of the hammer more readily than the less plastic in- 
terior, and the outer portion will be torn apart. 

Too often it happens that when the smith ig rushed 
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The object of annealing steel. 

with work he will attempt to heat a large bar of iron 
for forging, and while that is heating, will try to forge 
or harden tools someone is waiting for. The spirit of 
willingness to accommodate is commendable, but a 
decided lack of judgment is noticeable, because a fire 
suitable for heating a piece of iron to a forging heat 
is in no ways adapted to heating a tool either for forg- 
ing or hardening. 

Then again, if the smith is heating iron to its 
proper forging heat, his eyes are in no condition to 
properly discern the correct heat to give a piece of tool 
steel. 



Annealing. 
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According to the generally accepted definition of 
the term, the object of annealing steel is to soften it in 
order that it may be machined at the minimum cost of 
labor and tools. 

The method pursued in annealing steel depends, as 
a rule, on the facilities which the shop possesses for 
doing this class of work. A piece may be softened 
somewhat by heating red-hot and laying it to one side 
to cool in the air, provided it is not placed on any sub- 
stance that will chill it. Neither should it be placed 
where any current of air can strike it, or it will cool 
too quickly to become soft. In fact, it would very 
likely be harder than if worked without attempting to 
anneal it. 

The young hardener should understand that a 
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piece of steel is hardened by healing red-hot and ;;ool- 
ing quickly ; the more rapid the process of cooling, the 
harder the steel will be. Annealing has the opposite 
effect. Steel is annealed by heating red-hot and cool- 
ing slowly; the greater the amount of time consumed 
in the cooling operation, the softer the steel wil! be, 
everything else being equal. Now, it is evident that, 
if a piece of steel be heated to a red and placed on an 
anvil or other piece of cold metal or thrown on the 
floor, the portion laying on the cold substance wi 
chill and the process of hardening, rather than ann< 
ing, will be carried on. 

The same is true if a piece is placed where a cni 
rent of air can strike it, even if it is warm air, as it will 
be cooler than the steel and the heat in the steel will be 
taken up by the air. Thus, the operation will be the 
opposite of the one desired. 

It is the custom in many shops to anneal steel by 
heating and putting it in a box of ashes or lime. Now, 
this may be advisable, or it may not be, according to the 
condition of the contents of the annealing box. If the 
room in which the box is kept is damp, the ashes or 
lime, especially the lime, will absorb enough moisture 
to chill the piece of red-hot steel, particularly if it be 
small or thin. So we have again a piece of steel 
hardened to a degree, instead of annealed. When steel 
is to be annealed by this process, it is advisable to heat 
a piece of iron or scrap steel and bury it in the ashes 
or lime, leaving it there imtil the piece to be annealed 
is properly heated, when it may be removed, and the 
piece to be annealed put in its place. The ashes or 
lime being heated, and every trace of moisture removed, 
the process of cooling will be slow and the results 



Methods of annealing. 

satisfactory. A box of lime furnishes an excellent 
method of annealing steel, if the precaution mentioned 
is observed. 

A very satisfactory method of annealing, which has 
been used by the writer many times where there was 
only one or two pieces to anneal at a time, consists in 
taking an iron box, putting two or three inches of ashes 
in the bottom and laying a piece of board a trifle larger 
than the work on them. Heat the pieces to be an- 
nealed to the proper 
degree, lay them on 
the board, lay an- 
other piece of board 
on top of them, and 
fill the box with 
ashes, as shown in 
Fig. 25. The pieces 
of board will 
Figure 25. smoulder and keep 

the steel hot for a 

An iron box filled with ashes for annealing lone time The pro- 

between boards. p ^» .<« 

cess of cooling will 
be very slow. 
There is a method of annealing practiced in some 
shops which, while it has many advocates, cannot be 
recommended by the writer, except as a means of an- 
nealing a piece of steel that is wanted right away. It 
is known as cold water annealing. This method has 
advocates among old hardeners, some of whom get. 
excellent results ; but as a method of annealing to be 
practiced by one who is not thoroughly familiar with 
the action of fire and water on tool steel, its use is 
hardly to be advocated. The steel is heated to a red 
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and allowed to cool in the air where no current of air 
can strike it, held in a dark place, and when every 
trace of red has disappeared, plunged in water and left 
until cold. The steel will be softer if plunged into 
soapy water or oil. 

This answers in an emergency, but on account of 
the ends cooling faster than the center and the smaller 
portions cooling more rapidly than the larger ones, it is 
apparent that the piece of steel must be of an uneven 
temperature throughout when cooled. 

The method practiced in many shops of heating a 
piece of steel in a furnace to the proper annealing heat, 
using gas, oil or gasoline as fuel, then shutting off the 
supply and allowing the work to cool down with the 
furnace, is attended with varying results. While many 
mechanics advocate this method and claim excellent 
results, and it has been used by the writer to bis entire 
satisfaction, yet several cases have come to his notice 
of late where parties had annealed this way with rb 
suits that were far from satisfactory. Investigate 
showed that in beating the steel the furnace bad bej 
forced in order to heat the piece quickly, an 
steel was heated by radiation it was necessary that 1 
walls of the furnace should be hotter than the piece] 
steel being heated. 

When the steel had apparently reached the pre 
heat, the supply of fuel was shut off, but the in^ 
walls of the furnace, being much hotter than the wo^ 
imparted heat to the steel after the fire was put out, 
with the result that the steel was overheated and 
injured, and in some cases entirely unfitted for the use 
it was intended for. A steel maker of national reputa- 
tion says that "many thousand dollars' worth of steel are 



Annealing in iron boxes. 

ruined annually in this way, and it is in every way about 
the worst method of annealing that was ever devised.*' 

Knowing the vast amount of trouble caused by 
attempts of various parties to use this method, the 
writer feels it his duty to condemn a method he has 
used successfully under favorable circumstances, be- 
cause all mechanics are not so favorably situated. 
They do not use the same care in heating steel, especi- 
ally when it is nearly to the proper temperature, but 
insist on forcing it, not only to the detriment of the 
edges and comers, which are bound to heat faster than 
the center. In this way the whole piece is ruined or 
injured, because the furnace is hotter than the steel, 
and when the fire was extinguished, the furnace was 
closed and there was no means of looking in to deter- 
mine the amount of heat the steel was receiving, but 
the results showed it had been heated too much for its 
good. 

Now, if a comparatively small furnace is used, or 
one having light walls, which will not hold the heat for 
a very great length of time, the danger of over-heating 
by radiation after the fire is extinguished is reduced to 
the minimum. But on the contrary, if the furnace has 
heavy walls of masonry, capable of retaining the 
excessive heat for a considerable length of time, the 
liability of overheating is very great. 

A method of annealing that gives universal satis- 
faction when properly done, and is used in many shops, 
consists in packing the steel in iron boxes and filling 
the spaces between the pieces of steel with powdered 
charcoal. It is necessary when annealing by this 
method to place one or two inches of charcoal in the 
bottom of the box before putting in any steel. Do not 
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Box method of annealing. 

allow the pieces of steel tu tome within une-half inch 
of each other in the box,' or within one inch of the box 
at any point. 

When nearly full, fill the balance of the space with 
charcoal, put on the cover and seal the edges with fire- 
clay. The reason for keeping the steel from coming 
into contact with the box is that the iron, especially 
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Figure 1.6. Iron boi for unnealing. 

cast iron, has a great affinity for carbon, and ■ 
when they are both red hot, extract it from the s 
leaving the latter somewhat decarbonized at the p 
of contact. 

In order to be able to determine when the contfl 
of the box are heated to the proper degree, severa 
inch holes should be drilled throngh the center of HJ 
cover and a -,-s wire run down through each of thj 
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to the bottom of the box, as shown in the sectional 
view, Fig. 26. 

When the box has been in the fire long enough, 
according to the judgment of the operator, to heat 
through, draw one of these wires by means of a pair of 
long-handled tongs, or by a pair of ordinary length, 
slipping a piece of gas pipe on each leg to give the re- 
quired length. If the wire drawn shows hot the entire 
length, the operator may rest assured that the steel is 
of the same temperature, because the wire was run- 
down between the pieces at the center of the box. If 
the wire did not show red-hot, wait a while and draw 
another. When a wire is drawn that shows the proper 
degree of heat, the box should be left long enough to 
insure its being heated uniformily throughout, then the 
fire may be extinguished. If the walls of the furnace 
are much hotter than the boxes, the door may be left 
open until they are somewhat cool. If the furnace 
shows a disposition to heat the boxes too hot with the 
door open, they may be removed for a few minutes 
until the furnace is somewhat cooler, when the boxes 
may be returned to the furnace, the door closed and 
the work allowed to cool slowly. 

A method that insures excellent results is to plan, 
if possible, to empty one furnace of work to be hard- 
ened some little time before the work being annealed 
is sufficiently heated. Keep the first furnace closed to 
retain the heat as much as possible, so that it will pass 
the stage where it is liable to overheat the articles, and 
it will commence to cool down somewhat. When the 
work being heated for annealing has been subjected to 
the heat a sufficient length of time, the boxes may be 
removed from the furnace they were heated in and 
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An irregular milling 



placed in the first furnace. Al! ckinsrer of heating t 
hot from radiation is done away with. This metht 
cannot, of course, be prac- 
ticed if there is but one 
furnace. 

While it is generally un- 
derstood that the object of 
annealing steel is to make it 
soft enough to work to ad- 
vantage, yet from the hard- 
ener's standpoint annealing 
has another and more import- 
ant office than simply to 
make steel workable, 

A piece of steel as it comes from the steel mill or 

forge shop is very apt to show a difference of grain in 

various parts of the piece, due to uneven heating and 

an unequal closing of the pores in the process of rolling 

or hammering; consequently 

there exists in the piece internal 

strains. In order to overcome 

the effect of these internal 

strains, which must manifest 

themselves when the steel is 

hardened, the work should be 

blocked out somewhere near the 

shape and annealed. If the 

■igure 1 . rrfgu r mp tng piece is a milling machine cut- 

annraiinji ^^^' V^"^^^ press die, or similar 

tool, having one or more holes 

through it, the holes should be made somewhat smaller 

than finish size before annealing to remove strains. If 

it is a milling machine cutter of irregular contour, as 
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How to straighten work after springing. 

shown in Fig. 27, it should be blocked out as repre- 
sented in Fig. 28. The benefit gained in pursuing this 
course is that it is heated for annealing under as 
nearly as possible the same conditions, so far as shape 
is concerned, as when heated for hardening; conse- 
quently the tendency to change shape will be overcome 
in the annealing. 

Long pieces of steel that are to be hardened will 
give much better results if roughed out — that is, all 
scale and outside surface removed by planing or turn- 
ing — then thoroughly annealed. Should the piece 
spring when annealing do not straighten when cold, as 
it is almost sure to spring when hardened. If it is not 
sufficiently large to turn out without straightening, it 
should be heated red-hot and straightened. The hard- 
ener is blamed many times because a costly reamer or 
broach or similar tool is crooked in hardening, when in 
reality the blame rests with the man who turned or 
planed it to size. 

After it was annealed he tested it in the lathe, and 
finding it running out somewhat he takes it to an iron 
block or an anvil, and commences to hammer. He fin- 
ally gets it fairly straight, and feels quite proud of his 
job. He doesn't like to see a man machine a piece of 
steel that is crooked even if it will finish out, when a 
few strokes of a hammer will fix it all right. 

He has, by means of hammering, set up a system 
of internal strains much more serious than the ones 
removed by the process of annealing. He commences 
to machine the piece. Every time he goes below the 
effects of a hammer mark, the particles of the piece of 
steel **goes " or moves in some direction at this point, 
and it is necessary to repeat the operation of hammer 
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Shifting the hiame. 

persuasifju again, with the effect that by ihe time the 
avlicle is ready to harden, it is in no condition to be 
hardened. , It is either crooked in all directions, or it 
is only waltinjr for the fire to relieve it and allow it to 
go where it will. When the hardener , gets throug^h 
with it, it looks like a cow's horn, and of course the 
hardener is blamed. 

If he happens to be a man without any machine 
shop experience, or docs not understand the nature and 
peculiarities of steel, he does not know where to place 
the blame, and perhaps it wouldn't do any good if he 
did. 

He, of cour.se, isn't going to shoulder it, so the . 
fault is laid to the steel, and, in consequence, if the 
trouble continues, another make of steel is bought be- 
cause the man in charge does not know or cannot spend 
time to locate the trouble. It cannot be the fault of 
the man in the shop, they say ; it must be the steel ; or 
they decide it must be the hardener, because some 
other concern with whom they are acquainted iise this 
same steel and have no trouble, so the hardener has to 
stand the blame. 

A successful business man is quoted as saying: 
"If I were to drive a mule team, I would study the 
nature of mules." A man to be a successful hardener 
mtist study the nature of steel. He must know what 
steel is liable to do under certain conditions, and how 
to avoid undesirable results. No matter whether it re- 
lates to his department or some other department, he 
should know that it is possible for the tool maker to 
treat the steel in such a manner that resiUts anything 
but satisfactory wjKri follow when it is hardened. He 
should also understand that he may make the steel un- 
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^it for use by overheating; wheu annealing, or he may 
not heat it uniformly throiighuut, and consequently 
does not remove the tendency to spring from internal 
strains. If a satisfactory steel is furnished, the hard- 
ener should never blame the steel for bad results which 
are caused by his ignorance or carelessness, because he 
may be furnished with an undesirable steel next time. 
And in time those over him in authority will tire of 
complaints about a steel that another concern is satisfied 
with. 

A method of annealing steel which the writer has 
seen practiced in some shops, but which should never 
be used when annealing tool steel, is to pack the articles 
in a box with cast iron dust or chips. Now this method 
works nicely when annealing forgings or other pieces 
of machinery steel which were hard and show glassy 
spots and cannot be softened by the ordinary processes 
of annealing. The cast iron seems to have an affinity 
for the impurities liable to be present in the low grade 
steels, and the result is very soft and easily worked 
pieces. But if the method is applied to tool steel the 
carbon is extracted to an extent which is highly injur- 
ious to it. To be sure, tool steel can be annealed very 
soft if packed as described, but the result is anything 
but desirable. 

The writer had charge at one time of a hardening 
plant where, among other things, many himdred pairs 
of bicycle cranks were hardened every week. A lot 
of ten thousand crank forgings were received and 
started through the regular routine necessary to get 
them in a condition for hardening. When the first 
batch reached the hardener it was found impossible to 
harden them by ordinary processes. And, by the way, 



Results fro 



ong ; 



samples had been forged and sent us ahead of the main 
batch which had been tested and found all right. They 
hardened and tempered in a satisfactory manner and 
stood the required tests. 

The fir.st test was made by placing each end of the 
crank on the two projections of an iron block, as shown 
in Fig. 29, and struck in the center a blow with a 
heavy hammer in the hands of an experienced inspec- 
tor. They were then taken to a testing machine and 
given a very severe test, which consisted in holding 
the end which went on the axle in a fixed position. 
Pressure was applied to the 
other end until the crank 
was bent a certain amount. 
The pressure 
was removed 
and the crank 
was supposed 
to come back 
straight, but 
the cranks in 
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batch would Figure ly. Testing 3 bicycle qnnk. 

not harden. 

Investigation at the forge shop where we procured 
them, showed that through some mistake the cranks, 
after being forged, were packed in cast iron dtist i.ir 
chips in the annealing pot. Orders had been given tn 
anneal some machine steel forgings in this manner and 
to anneal the cranks in charcoal, but someone got the 
orders mixed, and hence the trouble. The cranks were 
made of 40-point carbon open hearth steel. We reme- 
died the defect by packing them in iron boxes with 
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wood charcoal, and submitting them to heat in the 
furnace for several hours after they were red-hot. In 
this way we got them in condition to harden. 

Another method which works nicely when applied 
to annealing machinery steel, but which is entirely un- 
fitted for tool steel, is to pack the pieces in annealing 
boxes in expended bone — i. e., bone that has been 
previously used in case hardening. As before stated, 
machinery steel packed in this manner, and heated, 
gives excellent results. It is also an excellent way of 
annealing cast iron (by this is meant small castings, as 
typewriter parts, etc. , which must be very soft in order 
to machine nicely). 

But tool steel should never be packed in any form 
of bone, as bone contains phosphorus, and this is the 
most injurious of any of the impurities which tool steel 
contains. The steel maker uses every effort possible 
to reduce the percentage of this impurity to the lowest 
possible point, for while it is a hardening agent, its 
presence makes tool steel brittle, so that it is folly to 
pay a good price for steel on which the manufacturer 
has spent much time and money to rid of undesirable 
impurities and consequently must charge a high price 
for, and then use some method whereby the steel is 
charged with these very impurities. 

In concluding, it may not be amiss to emphasize a 
few facts that have already been mentioned. Do not 
overheat steel when annealing or it will be perma- 
nently injured. Do not subject it to heat for a longer 
period of time after it becomes uniformly heated 
throughout than is necessary to accomplish the desired 
result. For while it is necessary to heat the steel when 
annealing to as high a heat as will be needed in harden- 
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ing, and while the steel must be subjected fm- a period 
of time to heat that insures its being of the same tem- 
perature in the middle of the piece as it is at the sur- 
face, yet we must be careful not to overdo it. 

Steel kept at a red heat for a long period of time, 
even if it is not overheated, will betray the fact when 
the temper is drawn after hardening, if it does not at 
any other time. A piece of steel which is kept hot for 
too long a period when annealing, may apparently 
harden all right, but when the temper is drawn the 
hardness apparently runs out — i. e., when the piece is 
heated to a straw color it may be filed very readily, 
whereas a piece from the same bar not annealed, or 
which was properly annealed and then hardened and 
drawn to the same temper color, would show all right 
— i. e., a file would just catch it. 

Uniform temperature when heating for annealing 
is as desirable as when heating for hardening. If a 
large block is unevenly heated, its corners and edges 
are hotter than the main part of the block. Violent 
strains are set up at these points, so it will be readily 
apparent that uniform heating during the various pro- 
cesses is one of the secrets of successful hardening of 
tool steel. 

There are other methods of annealing steel, 
methods whereby the surface does not become oxidized 
by the process of heating, as when heating drill rods, 
etc., but as these methods are not likely to be used by 
mechanics in every day shops, their consideration 
would be entirely out of place at this time. 

Lastly, remember that any process of annealing 
that takes from the steel any of its hardening proper- 
ties should never be used, no matter how soft it will 
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Baths for hardening. 

make the steel. It is better to work a piece of steel 
which is hard, than to unfit it for doing its maximum 
amount of duty when finished ; but // is possible to an- 
neal most steel so that it will be workable and yet 
harden in a satisfactory manner ; in fact, in a much more 
satisfactory manner than if not annealed. 

When annealing high carbon steel, and it is desir- 
able to retain the full amount of carbon in the steel, it 
is advisable to pack in the annealing box with charred 
leather, instead of wood charcoal. 

When it is desirable to harden the surface of low 
carbon steel harder than it would naturally be, it may 
be machined nearly to size, packed in a box with charred 
leather and run for a length of time sufficient to give 
the desired results. After machining to shape, it may 
be hardened in the ordinary manner. 

Hardening Baths. 
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When steel is heated to the proper hardening heat 
it is plunged into some cooling bath to harden. The 
rapidity with which the heat is absorbed by the bath 
determines the hardness of the steel. Knowing this, 
it is possible by the use of baths of various kinds to 
give steel the different degrees of hardness and tough- 
ness. A bath that will absorb the heat contained in a 
piece of steel the quickest, will make it the hardest, 
everything else being equal. A bath of mercury will 
cause a piece of steel plunged in it to be harder than if 
it were plunged in any of the liquids commonly used 
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for this purpose, but as such a bath would be extremely 
expensive, it is but little used. Clear cold water is the 
one more commonly used than any other, and for most 
cutting and similar tools gives good satisfaction, 
although many old hardeners claim better success with 
water that has been boiled, or that has been used for 
some time, provided it is not dirty or greasy. 

A very excellent bath that is used very extensively 
is made by dissolving all the salt possible in a tank of 
water, or what is known as a "saturated solution." 
Salt water, or "brine," as it is commonly called, is 
used in most shops on certain classes of work, and in 
some shops it is used altogether where a bath of water 
is desired. 

Different kinds of oil are also used to accomplish 
various results. When small or thin cutting tools re- 
quiring a hard cutting edge are to be hardened, a bath 
of raw linseed oil, or neat's foot oil, is used. 

When toughness is the desired quality, as in harden- 
ing a spring, a bath of tallow, sperm oil or lard oil is 
used. But the nature of steel of different makes varies 
so much that no one bath answers best for all purposes, 
or for the same purpose, when applied to steels of dif- 
ferent makes. Sometimes it becomes necessary to use 
a bath containing two or three ingredients in order to 
accomplish the desired result. 

I have in mind a manufacturing concern who made 
a great many heavy springs. Until they changed the 
make of steel they had been using for years they had 
excellent results from hardening in lard oil, but after 
changing they could do nothing with this bath. After 
considerable experimenting they were advised to use 
the following mixture: Spermaceti oil 48 parts, neat's 



Bath for hardening and toughening. 

foot oil 45 parts, rendered beef suet 4 parts, resin 3 
parts. They had very good results with this bath until 
a drummer came along with good cigars and a steel 
two cents a pound cheaper, and then trouble was the 
result. 

By the way, I have visited and known of several 
shops where a few good cigars or an occasional wine 
supper, which some glib-tongued salesman was willing 
to put up for the man who did the buying, caused more 
trouble than a little in the hardening department. But 
to return to the hardening of the springs. When the 
new steel came, the springs would not harden sufficiently 
in the mixture mentioned. They were finally advised 
to try a bath of boiling water, and this worked very 
nicely. 

Very small cutting tools, as taps, reamers, coimter- 
bores, etc. , harden nicely in a bath made by dissolving 
one pound of citric acid cr^'stals in one gallon of water. 
This proportion may be used in making a bath of any 
size. 

The following is recommended when it is desired 
to have the tools hard and tough : 

Salt Yt, teacupful. 

Saltpetre ^ ounce. 

Pulverized alum i teaspoonf ul. 

Soft water i gallon. 

The following bath gives excellent results, but care 
must be exercised in its use, as it is deadly poison. To 
six quarts of soft water put in one ounce of corrosive 
sublimate and two handfuls of common table salt. 
When dissolved it is ready for use. 

Sulphuric acid is added . to water in various pro- 
portions, from one part acid to ten parts water, to 
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"Rotting" steel by acid baths. 

*iqual parts uf acid and water. Some e ?en useclea 
acid, and although excellent results, so far as the 
hardened surface is concerned, may be obtained by the 
use of this acid, steel makers do not advocate its use, 
claiming that the after-effects are injurious to the * 
steel, that is, it "rots" the steel, and the writer's ex- 
perience substantiates the claims of the steel makers. 
I do not advocate the use of any of the acids which act 
directly on steel, provided any other form of bath will 
,'|ive satisfactory results. 

There are many other compounds used with snc- 
Sorae of the.se will be mentioned 
in connection with 

a hardening various 

^ . ^ 1 tools. As a rule, 

'"''"' ij tool steel that is fit 

for use for cutting 
; tools will harden in a 

j satisfactory manner 

in clear water. If the 
outline is irregular or 
it is desirable that 
it should be extra 
hard, a bath of brine 
'"■" "'-■'■' answers admirably. 

Insure 30, Oil and -vrater bath Articles of an irregni- 

for hardening. j^^ ^^^^^ ^^^^ ^^ 

Steel liable to crack 
when hardened should be dipped in water or brine (that 
is, warmed .somewhat), the temperature of the bath de- 
pending upon the liability of the piece to crack. 

Tools, as milling cutters, made from high carlM 
steel, are many times hardened to advantage in a t 
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of water having one or two inches of oil on the surface, 
as shown in Fig. 30. The article is brought to the 
proper temperature in the fire and immersed in the 
bath, passing it down through the oil into the water. 
Enough oil adheres to the red hot steel, especially in 
the comers of 

the teeth or r ^ 

projections, to A L 



Die 
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prevent the 
water acting as 
suddenly as it 
otherwise 
would, thus do- 
ing away in a 
great measure 
with the ten- 
dency to crack. 
It is a good 
plan when hard- 
ening large 
pieces of almost 
any shape to 
first dip in water 

or brine and allow theoi to remain in this liquid until 
the surface is hard, then remove and instantly plunge 
into a tank of oil, allowing them to remain in the oil 
until cold. This works especially well in the case of 
such tools as milling machine cutters, punching pretfe 
dies, etc., where it is not necessary that the hardened 
surface be very deep. 

The depth, to which a piece is hardened depends 
on the length of time it is left in the water. For this 
purpose old hardeners allow the article to remain in the 
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Figure 3 1 . Hardening with jet 
from bottom. 



Various cooling methods. 



water until it ceases to "sing." This is the peculiar 
noise occasioned by putting a piece of red hot steel in 
water. When the piece stops singing it is removed 
from the water and plunged in oil and left until cold. , 

When pieces are to 
be hardened, and it is 
necessary to harden 
the walls of a hole or 
some depression, as 
the face of an impres- 
sion die, or forming 
die, or any similar 
piece, it is necessary if 
good results are de- 
sired, to have a bath 
which has a stream or 
jet coming up from the 
bottom, as shown in 
Fig. 3t, If Clearwater 





Figure y. 



is used in the bath, the inlet pipe may be coniie< 
with some constant supply, but if brine or some s 
is used, it becomes necessary to have a supply t 
having a pump as shown in Fig. 32. The contents | 



Various cooling methods. 

the bath are pumped into the supply tank and run 

down the supply pipe as shown. 

At times it is desirable to have a tank in which 
there is no gush 
or jet of fluid, but 
where the con- 
tents of the bath 
are kept in mo- 
tion in order to 
force the steam 
away from the 
surface to be 
hardened. There 
are several ways 
of accomplishing 
this. Fig. 33 
shows a bath hav- 
ing a pipe com- 
ing up from the 

bottom, the jet striking the plate which 

spreads the iluid. It then comes to the snr 

face through the perforated plate shown 
Fig. 34 shows a bath in which the 

contents are 

kept in motion 

by some me 

chanical means 

contained in the 

tank. Such a 

bath may be 

made by follow 

ing the sugges 

tionS contained Figure 34 Bath with agmtor 





About heating baths. ^| 

in the illustration. A tank of any convenient siz" 
may be made having a partition as shown. The por- 
tion of the tank marked a is intended to be used 
for the immersion of the articles being hardened, 
while d contains a pump, Archimedian screw of some 
similar device for forcing the water into the side a. 

If a pump is used, the water is forced throiigh the 
pipe shown. If an Archimedian screw is used, the parti- 
tion shown should not extend way to the bottom, the 
water being forced under it. In either case it returns 
to b over the top of the partition c as shown, thus 
insuring a rapid circulation of fluid. This form of bath 
is especially to be desired where brine or some favorite 
hardening solution is used. It is also possible to heat 
the contents of the bath when it is considered advis- 
able, as in the case where articles are to be hardened 
that are liable to crack in contact with extremely cold 
liquids. Much more uniform results may be obtained, 
especially when small, thin pieces are hardened, if a 
uniform temperature can be maintained in the bath. 

In order to keep the contents of the bath at some- 
where near a uniform temperature, a small coil of 
steam pipe may be placed in the tank, and a ther- 
mometer may be so placed as to readily show the con- 
dition of the bath. While it may seem unnecessary to 
be so particular about the temperature (and k is un- 
necessary on most work, as an experienced hardener 
can determine the temperature very closely by the 
sense of feeling), yet there are jobs where it is essential 
that a certain uniform temperature be maintained in 
order to get uniform results. I do not mean by this 
that it is practical to attempt to keep the temperature 
within a few degrees of a given point, but it can be 
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1 order tv get the best results 




kept somewhere near i 
possible. 

Sometimes it is necessary to harden the wa 
hole that does not go way through the piece, : 
used for compression work or 
some forms of dies for striking 
up cylindrical pieces. Fig. 35 
shows a sectional view of a die 
having a hole part way through 
it as described. Now, if a piece 
of work of this description were 
hardened in a bath where the Kiguic 35. Die with hole, 
contents were not agitated, it 

is doubtful if the walls of the hole would be hardened 
in the least. The steam generated would blow the 
liquid out of the hole, and none 
could enter until the steel was cooled 
to a point where it could not harden. 
Better success wotdd 
follow if it were dipped 
in a bath having a jet 
of water coming up from 
the bottom of the tank, 
but in this case it would 
be necessary to invert 
the piece in order to get 
the liquid to enter the 
hole, and if it were 
dipped in this position, it is probable that enough 
steam wotild rise to keep the contents of the bath from 
fleeting the walls near the bottom. 

Now, in order to get satisfactory results when 
■dening work of this character, it will he found best 
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shank 



to have a bath So conKtructed that the liquid can run 
into the hole by means of a faucet or pipe, as shown in 
Fig. 36. If the hole is deep and 
there is danger of the steam pre- 
venting the liquid effectually work- 
ing at the bottom, a pipe may be run 
nearly to the bottom, as shown in the 
sectional view of Fig. 37. The pipe 
must not be as large as the hole, or 
the results will not be satisfactory. 





Sometimes it is necessary to 

harden several pieces of a kind 

whose outline betokens trouble 

if dipped in a cold bath, and 

yet it seems necessary to use a 

cold bath in order to get the 

desired result. Take, for in- 

shanit mill stancc, a shank mill of the 

shape shown in Fig. 38. If this 

mill is heated to the proper degree of heat and plunged 

in a dish containing just enough water or other liquid 

to harden the teeth before the water gets hot, the teeth 



About using dirty water. 

will harden in a satisfactory manner, and the water will 
heat so as to do away with any danger of cracking the 
cutter from internal strains. The size of the dish will 
determine the depth of the hardening. When one 
piece is hardened the dish may be emptied and filled 
with cold water for the next. 

The writer has seen this scheme, used with excel- 
lent results, not only on milling cutters, but on 
broaches, small dies, etc., that showed a tendency to 
crack when dipped in a large bath of cold fluid. Of 
course, it should be borne in mind that the dish 
selected for the bath must be large enough to hold a 
sufficient amount of liquid to harden the piece the 
necessary amount before it becomes too hot, but it is 
also essential that it should not be so large that the 
contents will not heat, because then there is no differ- 
ence in its action from that of a large bath. 

Generally speaking, however, it is advisable to use 
a large bath, having the contents at a temperature of 
about 60 degrees Fahr., as then the process of con- 
traction, which takes place when the piece is cooling, 
is uniform. 

Delicate articles, however, require a bath having 
the contents heated somewhat above the temperature 
mentioned, the temperature depending on the character 
of the article and the nature of the steel. 

It should be borne in mind that a tank or dish of 
dirty water makes a very undesirable bath; neither 
should one be used having dirt in the bottom, because 
as the contents are agitated, the dirt rises, preventing 
the liquid acting in a satisfactory manner. 
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The Lead Bath. 



When comparatively small pieces of work are to 
be hardened in large quantities, as, for instance, the 
various small parts of bicycles, sewing machines and 
guns, red-hot lead furnishes an excellent means of 
uniformly heating in a very economical manner. It 
is a speedy, and at the same time a very reliable 
means to use, as the heat can be maintained so uni- 
formly, it can be applied safely. By using a proper 
amount of precaution, there is no danger of burning 
the outside of the article before the center is heated. 
Large and small parts are heated alike, and quite a 
number of pieces can be heated at the same time, thus 
making it a cheap, rapid, yet reliable way of heating. 
It is necessary to have a uniform beat iinder ao( 
around the crucible that can be maintained for qui) 
length of time. 

A furnace burning illuminating gas as fuel, giv« 
the most satisfactory residts, although excellent results 
may be obtained by the use of a furnace burning gaso- 
line or crude oil. If it is not found possible to obtain 
any of these, good results can be obtained by the use 
of one burning charcoal, hard coal, or coke; but in 
order to obtain uniform results, a great deal of atten- 
tion must be paid to the fire. 

If but a few pieces are to be hardened at a time. 
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About lead and crucibles. 



and it is not considered advisable to purchase or make 
a furnace especially adapted to this kind of work, a 
crucible may be placed in a fire on an ordinary black- 
smith's forge. Build up around it with bricks, placed 
far enough away from the crucible to have a fire all 
around it, and fill this space with charcoal. It will be 
found necessary to raise the crucible occasionally and 
poke coals under it. 

The most satisfactory crucible is one made of 
graphite, especially for this purpose, A cast iron one 
is sometimes used, but as a rule is not as satisfactory 
and is more costly, as it burns out very quickly. 

The graphite crucible should be annealed before 
using, as this toughens it, reditces the liability of 
cracking and makes it longer lived. In order to anneal 
the black lead crucible, place it in any oven or furnace 
where a uniform heat can be obtained, heat it to a red, 
take it otit and place it where it can cool off slowly 
without any drafts of air striking it. 

It is very essential that the proper quality of lead 
is used. Red-hot steel is very susceptible to the action 
of certain impurities. Many brands of lead contain 
sulphur in such quantities that it is very injurious to 
the steel. Nothing but chemically pure leads should 
be used. It is the custom in some shops to use lead of 
any kind, and when unsatisfactory results are obtained, 
the method, instead of the material, is condemned, be- 
cause the operator does not understand the cause of 
the trouble. 

If the lead contains sulphur, even in small quanti- 
ties, it will ruin the steel. The article will have a 
Kbpneycomb appearance, and portions of the outside 
^nock will be eaten away. When using lead that is 



Mixture for hardening small tools. 

chemically pure, this difficulty will not be encounterec!. 

Many hardeners are averse to the tise of the lead 
bath in hardening on account of the tendency of the 
lead to stick to the work. To prevent this trouble, 
different compounds arc used. 

The writer has had excellent results with a solu- 
tion of cyanide of potash in water. Dissolve one 
pound of powdered cyanide and one gallon of boiling 
water. Let it cool before using. If this should not 
prove to prevent the lead sticking-, put in a larger 
portion of cyanide. Some use a strong solution of salt 
and water. Dip the articles in the solution; place 
them where they can dry, preferably in a hot plac e 
where they will dry more rapidly. It is not safe j^| 
put them in the lead when damp, as any moistt^^H 
would cause the lead to fly. ^^| 

The writer has used the following mixtures with 
very gratifying results when hardening such work as 
small milling cutters, taps, reamers, broaches, cherries, 
rotary files and similar tools having fine teeth likely to 
hold the lead. This formula is taken from the report 
of the Chief of Ordinance of the War Department, a nd 
is used in the U. S. Government shops when hard^^H 
ing files. The following is a copy of the repo^^H 
"Before hardening, the files are treated with a mixtl^^l 
of salt and carbonaceous material to protect the teeth 
from decarbonization and oxidation. The kinds and 
proportions of the ingredients are exhibited in the fol- 
lowing table : 

Pulverized charred leather j tti. 

Fine family flour i'4 ttjs. 

Fine table salt 2 It.s. 

The charcoal made from the charred leather s 

^ 9" 



The hardening of files. 

be titurated until fine enough to pass through a No. 45 
sieve. The three ingredients are thoroughly mixed and 
incorporated while in a dry state, and the water is then 
added slowly to prevent lumps, until the paste formed 
has the consistency of ordinary varnish. When ready, 
the paste is applied to the file with a brush, care being 
taken to have the teeth well filled with the mixture. 
The surplus paste is then taken ofE the file by the 
brush, and the file is placed on end before a slow fire 
to dry. If dried too quickly the paste will crack or 
blister. If not dry enough, the remaining moisture 
will be transformed into steam when dipped into the 
hot lead bath, and cause an ebullition or sputtering of 
the lead, throwing out minute globules of the latter, 
which may endanger the eyes of the operator. The 
.fusing of the paste upon the surface of the file, indi- 
ites the proper heat at which the file should be 

.ened." 

File makers have methods of hardening files that 
differ very materially from the above process, but it 
has proved particularly valuable when applied to the 
tools mentioned. Small articles, if of an even size or 
thickness throughout, may be put into the lead when 
they are cold and left until red-hot, although they 
should be turned over occasionally. But pieces, such 
as shank mills and similar articles of irregular contour, 
having large and small parts in connection with each 
ther, should be heated nearly to a red before putting 
the lead, as the sudden expansion of the large 
parts would tear them from the more solid por- 
ins that could not heat and expand so qiiickly. 

The purpose of putting such pieces into the lead is 
the uniform heat that can be finally obtained on the 
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^^V Reasons for heating in lead. ^H 

tmeqiia! sikps and thicknesses, making' them nuich less 
liable to erack when dipped in the bath. If an irregu- 
lar shaped piece were plunged suddenly into the red- 
hot lead, and thereby cracked, it probably would not be 
noticed until it was hardened, and the natural inference 
woidd be that it had cracked in the cooling bath ; but a 
careful examination of the fracture would show the 
walls to be black, proving it to have been siibject to 
heat after it was cracked. If it were sound until dipped 
in the bath, the walls would have a brighter appear- 
ance, although it might be somewhat stained by the 
contents of the bath, yet they woiild not be black. 

The following question may suggest itself. If the 
piece of work is to be partly heated in another fire, why 
not heat to the hardening heat? The reason for this is, 
that a much more uniform heat can be obtained in the 
lead crucible than in an ordinary open fire. When it is 
necessary to harden a portion of the piece, leaving the 
balance soft, it need only be dipped in the lead the re- 
quired distance, moving it up and down to prevent a 
fire-crack. It is likely to crack at the point where the 
heat leaves off, just as a piece of red-hot steel will 
crack if dipped into water in such a way that some of 
the red is out of the bath and the piece held in that 
position. It then cracks at the point where the con- 
traction ceases, while in the first case it cracks where 
the expansion, ceases. 

If impossible to do the first heating in an open fire, 
orif it is considered advisable to heat it in red-hot lead 
altogether, the piece may be immersed in the lead, left 
there for a moment and withdrawn. It may then be 
immersed again, leaving a little longer than the first 
time and withdraw it again, repeating the operation 



How to handle lead for healing. 

until the steel is heated to a point where the intense 
heat will not cause it to crack from the sudden change 
of temperature. 

To prevent dross from forming on the lead, keep 
the surface covered with broken charcoal. This not 
only has a tendency to prevent dross forming, but the 
charcoal, catching fire and burning, keeps the surface 
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Figure 39. Mould for casting lead. 

of the lead at a more uniform heat, than if not used. 
But despite all these precautions, more or less dross 
will form in the surface of the lead. This should be 
skimmed off occasionally, in order that it may not stick 
to the work. 

When no longer using the crucible, the lead should 
be emptied out, as if left in the crucible until it cools 
and solidifies, the crucible will probably crack when the 
lead is heated again. It may be removed by means of 
a ladle and emptied into small moulds. When the cru- 
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cible is nearly empty, it may be lifted from the firean^^ 
the balance of the lead poured out. As it is necessary 
to put the lead into the crucible in small pieces, it is 
best to use a mold of the form shown in Fig. 39, as this 
makes a very convenient size to put into the crucible 
again. To get good results when hardening, the lead 
should be stirred up from the bottom occasionally in 
order to equalize the heat, as it will be hotter at the 
bottom than it will be toward the top, 

When heating pieces with fine projections or teeth, 
it is well to use a stiff bristle brush to remove any lead 
that may stick in the bottom between such projections. 
This should be done before dipping into the bath, to 
prevent soft spots. Steel will not harden where lead 
adheres to it, as the liquid in the bath cannot then 
come in contact with the steel. 

There is no one method of heating steel which is 
so generally used that is a source of more annoyance 
than the one under consideration, because attention is 
not paid to a few simple points. But if a chemically 
pure lead is used in the crucible, the contents of the 
crucible is stirred occasionally, and as low a heat as 
possible is maintained, excellent results will follow. 

A serious mistake, which is made many times, is 
to heat the lead too hot, leaving the piece of work in 
just long enough to bring the stirface to the desired 
heat, then removing and quenching. The objection to 
this method is, the heat is not uniform throughout the 
piece, con.sequently poor results follow. If the article 
is left in the lead long enough to become uniformly 
heated throughout, it will become too hot. If the lead 
becomes too hot, it is best to plunge a large piece of 
iron or scrap steel into it, allowing it to absorb the 
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Cyanide solution before heating. 

extra heat, thus reducing it to the proper temperature. 
It is then safe to go ahead with the heating, and not 
until then. Do not neglect this precaution. 

It will readily be seen that the lead should be of 

tbont the same temperature as the steel should he 

heated, and the articles left in it 

long enough to become uniformly 

heated throughout. 



The hardener should 
bear in mind that the 
amount of heat given 
steel affects the struc- 
ture rather than the 
method of applying the 
heat. In order to use 
this method to advan- 
tage when hardening 
quantities of small 
articles, quite 
a number of 
pieces maybe 
heated at a 
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the 



lead. This 
may readily 
be accom- 
plished by 

Figure 40. Dtjing st«l before hnijng. dipping a 

amber of pieces in the cyanide solution, laying them 
1 the top of the furnace as shown in Fig. 40. When 
lese are thoroughly dried, place thera in the lead, dip 
lother batch in the solution, and lay on the furnace 
1 described. By this time the pieces in the lead will 
103 



How to handle work in lead furnace. 

be hot enough to dip in the bath. As one is taken from 
the lead, another may be taken from the top of the 
furnace and put in its place, another should be dipped 
in the solution and placed on the furnace. In this 
way a rotation may be kept up, which insures the 
maximum amount of work in a given time. 

Before taking a piece of work from the lead, it 
should be plunged below the surface and held there 
long enough to equalize the heat. Articles being 
heated in lead should be turned over occasionally, in 
order that they may heat uniformly. If long articles 
are to be heated by this means, it is necessary to stir 
the lead from the bottom frequently, or the piece will 
be the hottest at the end nearest the bottom of the 
crucible. 

When heating certain tools, as long reamers, 
broaches, etc., it is sometimes advisable to place a 
piece of cyanide of potassium on the surface of the 
lead. It will fuse and remain for some time in a body 
around the steel. The tool may be raised and lowered 
in the lead through this melted cyanide occasionally, 
and especially just before quenching in the bath. 

If the article is dipped in a bath of water, heated 
as hot as it is possible to hold the hand in, the teeth 
will be found very hard and the tendency to spring or 
crack will be reduced very materially. If it is desirable 
to have the tool extremely strong, that is, able to stand 
strains, as would be the case if a broach used for draw- 
broaching were being hardened, the tool could be 
heated as described and quenched in a bath of raw 
linseed oil, or into a bath of sperm oil and tallow, to 
which is added a small quantity of resin. The amount 
of resin added should be very' small, as it has a ten- 
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Cyanide of potassium bath. 

dency to crystallize the steel if too great a proportion 
is used. Generally speaking, one part resin to loo 
parts of oil, or oil and tallow,' will be suflScient, and 

»^^nerally it will not be found necessary to use it, if 

^fiallow is added to the oil. 

^P Although red-hot lead furnishes an excellent means 
of heating small articles, and a very satisfactory method 
of heating' certain tinds of tools, yet for most culling tools, 
the writer has found cyanide of potassium, melted and 
teated red-hot in a crucible, or a mixture of salt and 
yanide of potassium, to give more satisfactory results. 

Cyanide of Potassium Bath. 

Cyanide of potassium, if placed in a cast iron cruci- 
»le and heated red-hot, furnishes a method of heating 
;eel that gives very excellent results in many shops. 

This method is employed very extensively in heat- 
ing articles whose 
shape betokens soft 
spots when hard- 
ened by the ordinary 
methods. It is also 
used in hardening 
dies for transferring 
impressions onto 
plates used in print- 
ing bank notes and 

'"" " " P""'""'"- The articles heat- 

ed by this method are not subject to o.sidation from 
the action of the air on the surface. The cyanide does 
not have a tendency to stick to the work, and the action 
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of the cyanide tends to increase the surface hardness, 
thereby making the tools more durable than when 
hardened by ordinary methods. 


Many dies with finely engraven "-^ 

working surfaces are heated by T 
this method and -^ 
the best of re- ~j 
suits obtained. C^^^^^^^^^S:=^ 
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In order to get 
satisfactory re- 
suits, itisneces- fe 
sarytonsei-Afm- 
ica/fy pure cya- 
nide of potas- 
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It is different L 
from red-hot 
lead in that iron 
will not float on 
its surface, but 
sinks to the bot- 
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necessary to 
suspend the 


® 


^^M 


$5^1 


pieces being 
heated with 
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wires which 
pass over the 
edge of the cru- 
cible in the form 
o£ a hook, as 
^fc-jbown in Fig. 4 1 . 


Figure 41. 


Cpnide hardening furnac^ ^^^M 
shown in Figure i8. ^^^| 
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About attention to heat. 



As cyanide of potassium is a violent poison, the 

greatest care should be exercised when xising it. The 

fumes of this chemical are very injurious to the work- 

I man, consequently a furnace should be used having 

I some means of conveying the fumes into a chimney or 

I ventilating shaft. 

A furnace may be procured of the pattern shown 

I in Fig. 41, using illuminating gas as fuel. A is the 

I pipe furnishing fuel to the burners, B the crucible, C 

' the hood, D the door, E the pipe which conducts the 

products of combustion to the pipe F, the pipe which 

conveys the fumes and products of combustion into 

the chimney. The lighting holes are stopped by the 

fire clay plugs G G. 

If it is considered advisable to make a furnace 
burning hard coal or coke, the same design may be 
used as illustrated in Fig. 19. For a lead hardening 
furnace, a hood must be added to prevent the poison- 
ous vapors getting into the room. This hood must be 
connected with the chimney. 

The operator must bear in mind that in order to 
get satisfactory results, attention must he paid to the 
amount of heat given the piece of steel, as previously 
explained. The strength of the hardened piece depends 
in a greater measure than mechanics generally realize, 
on the amount of heat given when hardening. In 
order to get the best results possible, it is necessary to 
have the steel at the refining heat. 

It is easy to be deceived when heating by the 
method under consideration, as the effect of the cyanide 
is to cause the surface of steel to harden at a tempera- 
ture lower than the refining heat. Consequently the 
portion beneath the surface may not be hardened at all 
■ >°7 



How to obtain colors. 



when the surface shows hard, if tested with a file, 
matters not by what method steel is heated for harden- 
ing, there is a temperature at which it should be 
quenched. If not heated to that temperature, it is not 
as hard as it should be to accomplish the maximum 
amount of work possible. If heated to a higher tem- 
perature, the pores are opened, the steel made brittle 
and it is unfitted to do the amount of work it should. 

Not only is this method valuable because it fur- 
nishes a means of heating steel uniformly without 
danger of its sur- 
face becoming 
oxidieed, but if 
certain points are 
observed, the 
most beautiful 
colors imagin- 
able may be ob- 
tained. It is nec- 
essary, in order 
to procure nice 
colors on the 

hardened product, that it be nicely polished, and free 
from dirt and grease. While grease will burn when 
subjected to a red heat, yet it leaves a staia on 
the work. 

When colors are wanted, articles made of tool steel 
may be suspended in the molten cyanide by means of 
wire hooks, which pass over the edge of crucible, as 
shown in Fig. 43. When the article becomes heated 
to a uniform heat, it may be removed and plunged in a. 
tank of water, working it aroiind well until cold, when 
it may be removed and dried. I£ it is desirable to draw 
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Figure 4.3. Hating in cpnide for colon. 



Hardening gun frames in colors. 

the temper and yet retain the colors, it may be done 
by heating in a kettle of oil, guaging the heat by a 
thermometer. The work must be left in the oil, away 
from the action of the air, until it is cooled below the 
point where temper colors are visible. 

This method of hardening is used very extensively 
in gun shops to 
harden gun 
frames, and at 
the same time 
procure the beau- 
tiful colors often 
seen on them. It 
works equally 
well on machin- 
ery steel or mal- 
leable iron. It 
is accomplished 
by attaching a 
piece of wire bent 
in the shape of 
a hook to the 
frame, the other 
end of the hook 
hangs over the 
upper edge of the 
crucible. It is 
necessary to have 
the article entire- 
ly under the surface of the cyanide. When it is 
heated for a sufficient length of time, which must be 
determined by experiment, it may be removed and 
pltmged in a tank of water. In order to produce the 
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beautiful vine-Hke effect uften notiecU, the inlet pi] 
may be situated about two feet abuve the tank, as 
shown in Pig. 44. The end of the pipe may be made 
to spray the water. The articles when taken from 
the cyanide crucible should be pas.sed through the 
spray into the bath. Wherever the fine spray strikes, 
it produces the vine-Hke effect mentioned. The colors 
may be guaged by the heat given the contents of the 
crucible, also by the temperature of the bath. 

After using, a hook must be thoroughly dried be- 
fore putting in the molten cyanide, as the presence of 
moisture, even in the most minute quantities, will cause 
the cyanide to fly. If it strikes the flesh, it produces a 
bum, which, on account of the poisonous nature of the 
chemical, is liable to be very sore, but by avoiding the 
presence of any form of moisture, this need not occur. 

Articles made of malleable iron, as cutters for 
paper, and wood, may be hardened by heating in this 
manner. If only a few pieces are to be hardened, the 
cyanide may be heated in an iron dish of suitable size, 
the articles suspended in the dish until heated suffi- 
ciently, when they may be quenched in a bath of cold 
water, or warm water, according to the nature of the 
work to be done. Should this prove to make them 
too hard, a bath of tallow or oil may be used. 

Articles made of machinery steel may be heated in 
the cyanide cnicible for hardening, the amount of 
hardness and depth which it penetrates depending on 
the amount of heat given and the length of time the 
article is left in the cyanide. 

If the articles are of a size that warrants it, they 
may be suspended in the cyanide by means of wires, 
as previously explained. If they are small and there 
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To harden throughout. 

are many of them, they may be placed in baskets made 
of wire cloth and suspended in the molten mass. 
These baskets should not, however, be made of gal- 
vanized wire, or have any solder used in their con- 
struction, or the articles will be coated with lead. 
Care must be exercised when placing the articles in the 
basket, not to put in too many, especially if the basket 
is to be dipped into the hardening bath, as the pieces 
would touch each other when in the water ; consequently 
they would not be hard at these points. 

When it is desired to make articles other than cut- 
ting tools, and harden them throughout, it may be 
done by procuring a low grade steel, sufficiently high 
in carbon to produce the desired result. The steel 
may be either Bessemer or open hearth. If hearth 
steel, the temper must be suited to the particular pur- 
pose it is to be used for. When the article is ready for 
hardening, it may be suspended in the molten cyanide ; 
when it has heated for a sufficient length of time, it is 
removed and plunged in the bath. If hardness is the 
only qiiality desired, use a bath of water. If a hard 
surface is desired, and a very tough, strong interior, 
use a bath of oil and tallow. 

Malleable iron may be hardened by heating in 
cyanide of potassium, as is the case with machinery 
I Steel, the depth of hardening depending on the length 
of time it was left in the cyanide. If colors are desired, 
the surfaces must be polished, and a bath of clean 
water used. If a strong, tough effect is desired, 
quench in oil. 

It is sometimes desirable to color a piece of work 
in imitation of case hardening, yet leaving the article 
soft. If the piece is made of machinery steel of low 



Uniform heat necessary to hardening. 

carbon, or of malleable iron, this is accomplished b\ 
using a cyanide made especially for the purpose. Thi- 
is known as " 50 per cent, fused cyanide of potassium. " 

Hardening Steel. 



Having considered the nature of steel, methods of 
heating for different purposes, and the means of cooling 
by the various baths, we will proceed to the considera- 
tion of hardening articles of various types. As it would 
be impossible to consider all the articles that require 
hardening in the various shops throughout the country, 
such examples have been selected as are representative 
of the articles that are commonly hardened. 

Uniform heats are the secret of success when hard- 
ening steel. A greater part of the trouble experienced 
by men not skillful in this branch of the business arises 
from this fact not being observed. The writer cannot 
resist the desire to caution the reader against trouble 
arising from this cause, and hopes he will be pardoned 
if he apparently repeats this warning oftener than may 
seem necessary. 

When hardening steel, avoid too rapid cooling of 
the surface, as it is then rigid and inflexible, while the 
inside of the piece is still undergoing the change in 
structure incident to hardening. As a consequence, if 
the outer surface is hard and inflexible, and the internal 
portion is undergoing changes in size and structure, the 
outer surface will crack from the enormous strain 
brought to bear on it. It is advisable when hardening 



How to heat to avoid strains. 



small articles tu heat the contents of the bath somewhat, 
to avoid the sudden cooling mentioned. 

As stated, when the surface becomes hard before 
the center has ceased changing its size and structure, 
there is a tendency to crack the surface from the in- 
ternal strains. 

To overcome this tendency, the piece should be 
heated to a degree that allows the surface to yield some- 
what and conform to the strains in the piece. The 
amount of heat necessary to produce this result has 
been ascertained 
to be at the tem- 
perature of boil- 
ing water (212 de- 
grees). An ex- 
perienced hard- 
ener can deter, 
mine the necessary 
amount of heat 
very nicely by the 
sense of feeling, 
heat the steel until, 
when touched with 



the mo 



sten 



finger, the peculiar 
snapping sound is 
heard. This is the 
:neas the house- 




Figure 45 Bath fnr hard< 
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tells when her irons have reached the 
mperature for ironing linen. 

When pieces are hardened in large quantities, it 
X>mes very costly practice reheating each piece over 
'. gnJ^giiig the heat by the sense of feeling. A 



Cold baths not usually advisable. 

good plan in such cases is to have a tank of the descrip- 
tion shown in Fig. 24. A steam pipe is connected with 
the tank, as by this means it is possible to heat the 
water to any desired degree to the boiling point. A 
perforated jian is provided to catch the work as it is 
dropped into the tank. Occasionally the pan may be 
removed from the tank by means of the wires shown, 
the pieces emptied out and the pan returned. 

As the pieces are removed from the hardening bath, 
they may be dropped into this tank, and the tendency 
to crack overcome. For certain articles the brittleness 
is reduced sufficiently, making it unnecessary to draw 
the teftiper any more. 

The use of extremely cold baths is not as a rule 
advisable. Results fully as satisfactory so far as the 
hardened surface is concerned, are obtained if the bath 
is warmed somewhat, and the danger of cracking is 
greatly reduced. 

It is claimed that when articles made of steel and 
heated red-hot are plunged in a cooling bath, the out- 
side surface becoming chilled and consequently con- 
tracted, causes by this process of contraction an 
immense pressure on the internal portion of the steel 
which is red-hot ; this pressure has the effect of raising 
the temperature of the interior of the steel still higher, 
with the result that it expands still more. This extra 
expansion is, of course, communicated to the hardened 
(and consequently unyielding) surface, and this being 
unable to stand the immense strain, either cracks or 
bursts. 

If the contents of the bath are heated to some 
extent, the surface is not chilled below a temperature 
that allows it to yield somewhat, allowing it to con- 



How to straighten hardened work. 



"Torm in a measure to the internal pressure, which is 
relieved as that portion cools and contracts. 

The pliability of steel when warmed is illustrated 
in the case of such tools as taps, reamers, or drills, 
which become crooked when hardening. In order to 
Straighten, it is necessary to apply a certain amount 
of heat. Place the tool between the centers of a 
lathe, with the convex side toward the operator, a 
piece of stock 
is then put in 
the tool post 
of the lathe, 
having one 
end against 
the bowed 
side, as shown in Fig. 46. 
The article is now heated 
until oil placed on the 
^iace commences to smoke; 
■essure is applied by means 

: the cross feed screw and until the article is slightly 
owing in the opposite direction. 

The piece should now be suddenly cooled while in 
lis position. If it is not straight, the process should 
e repeated. Now, it is safe to spring the steel when 
, but when it is cooled, even after heating, as de- 
icribed, it will break if any great amount of pressure 
B applied. Should it spring somewhat when cold, it 
RTill return to its original shape when the pressure is 
cemoved, thus proving that hardened steel, when 
leated to a certain degree, is somewhat pliable. It is 
for this reason the surface of a hardened piece is 
^heated to "remove strains," as it is familiary termed, 
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or it is made pliable by beat, ami in tbis condition con- 
forms to tbe immense strain incident to hardening. 

In the case of the article heated and straightened 
by pressure, it is necessary to cool the piece uniformly. 
Hhotild one side be cooled and the opposite side left 
hot, the piece would probably crack from the unequal 
contraction. By carefully following this plan it will be 
possible to save many tools that would otherwise have 
to be thrown away — or which, if used, would not be 
satisfactory. 



Drawing the Temper 
after Hardening. 



When a piece of steel is hardened it becomes brit- 
tle. When the design of the piece is such that the 
working surface has sufficient backing, it is safe and 
advi.sable to keep the article as hard as when it comes 
from the bath. But in the case of tools having slender 
cutting edges, as taps, screw threading dies and mill- 
ing machine cutters of the ordinary styles, it becomes 
necessary to reduce the amount of brittleness 
that it may stand up when in use. This is done by: 
heating the piece somewhat. 

The process of reheating also has the effect of soi 
ening the steel to a considerable degree. It is not gen- 
i^rally desirable to soften it, but it is necessary to do so in 



imes 

f 

sott- 



W The anioutif of heat necessary to temper. 

Iprder to reduce the brittleness. This reheating is gener- 
ally termed "drawing the temper." Unfortunately, 
Ethe word temper is understood as having more than one 
Mneaning, and as a consequence people are sometimes 
fc>uzzied to know exactly what one means when the term 
Hs used. By some it is understood as the double pro- 
l-cess of hardening and drawing the temper. To others 
it simply conveys the idea of drawing the temper of a 
hardened piece, and will be so used by the writer in 
connection with treating steel by heat, although the 
jSteel maker's definition of the word temper will be used 
Kcasionally to designate the percentage of carbon the 
j&teel contains. 

When steel is heated, the amount of heat it absorbs 
may be determined by the surface colors, provided it 
^as been brightened previous to heating. It is custom- 
airy after hardening to brighten the surface with a stick 
whose surface has been coated with glue and then cov- 
l ered with emery, or a piece of emery cloth may be 
attached to a stick or held on a file. After brightening, 
the piece may be subjected to heat. As the steel be- 
^ comes heated various colors wil! appear on the bright- 
ined surfaces. The first color visible is a faint straw 
»lor, then straw color, light brown, darker brown, 
■own with purple, light blue, darker blue. If heated 
I a black, the hardness is reduced to a point that 
3 the steel practically soft. 

The amount of heat necessary to give steel in 
lempering, depends on the make of the steel, how hot 
t was heated when hardening, and for what purpose it 
t to be used. The method ordinarily practiced has - 
a briefly described above. 
When work is done in large qiiantities, the temper 



Methods of drawing temper. 

IS sometimes drawn by placing the articles in a. pan 
havingalong handle, as shown in Fig. 47. A quantity 
of clean sand is put in and the pan held over a fire, 
moving it back and forth, thus keeping the sand and 
work in motion. The surface colors can be closely 
watched and excellent refjults obtained. If there are 
any sharp edges or cutting teeth that will be harmed 
by striking against the other pieces, it is not advisable 
to use this method unless extreme care is exercised, 
but a pan of sand may be placed over the fire and a 
few pieces of work, having edges as described, placed 
in it and kept in motion by a stick, being carefid not 
to hit them together. ^m 

An excellent furnace, which is illustrated in F^fl 




48, can be procured, which gives very satisfactoi 
results. The pieces to be tempered are placed in the 
pans, D D, which rotate at the speed of two or tliree 
revolutions per minute, the pans being hung loosely 
from rods connected with spokes around the driving 
block in the center, which receives motion from the 
worm and gear, A B, connected with power. The 
door, C, is closed and the furnace is charged ^^ 
work, and may be opened fcjr observation. 
opened, the door forms a shelf or rest for the % 



Revolving furnace for tempering. 

The thermometer indicates a degree of temper some- 
what diiEerent from the actual heat in the furnace, hut 
if the temperature 
cated is ohserved 
the desired temper 
tained, the operat 
he repeated 
with satisfac- 
tory results. 

This furnace 
is designed for 
te m pering sm all 
articles, but the 
writer has used 
it with excel- 
lent results on 
punches used 
for punching 
rectangular 
holes 2 inches 
by ^ inch, the 
shanks being 
1% inches in 
diameter and 5 
inches long. 
The action of 
the furnace de- 
pends on the 

heated air, with Figure 48. Rtvolving fiimics for 

temperature so tempering imall pieca. 

regulated that articles of irregular shape can he exposed 
to it long enoiigh to impart the proper temper to the 
heavier parts without drawing the temper too low on 




Tempering lathe tools. 
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the lighter parts of the same piece. By means fnT^ 
nished of regulating^ the heat generated, the injectioa 
of the heat evenly throughout the furnace is easily 
secured, and the overheating of any part of the piece 
prevented, 

A common method when drawing the temper of 
articles which are of a uniform thickness, is to beat a 
flat piece of iron to a red heat, lay the pieces on this, 
moving them around and turning 
them over occasionally to insure 
uniform heating. When the desired 
temper color shows, the piece is 
immediately immersed in oil to 
prevent its softening 
than is desired. 
This method is 
open to objec- 
tions when arti- 
cles having 
heavy and light 
portions, which 
must be heated 
alike, are to be 
tempered, be- 
cause the 1 ighter 
parts, heating 
more quickly than the heavy ones, will become too soft 
before the heavier portions reach the desired temper. 

When tools having heavy parts adjoining the cut- 
ting portion are to be hardened, and it is not necessary 
to harden the heavy parts, as a diamond point lathe 
tool or similar article, it is the general practice to heat 
the tool for a distance on the shank — say as far back as 




A 



Tempering in i 

the dotted line in Fig. 49— to a red heat. Plunge the 
cutting blade into the bath, being careful not to dip the 
portion marked ainto tlie bath. Work up and down to 
prevent a water line, and move around to avoid steam. 
When the cutting part is sufficiently hardened, remove 
from the bath, and all()W the heat from 
the heavy portion to run into the 
hardened part until the desired color 
shows, when it may be quenched to 
prevent its running any lower. 

When work is tem- 
pered in large batches, 
a very satisfactory 
method consists in put- 
ting the articles in oil 
and heating to a proper 
degree, gauging the 
heat by means of a 
_ thermometer. 

. A very satisfactory 

Smpering furnace is 

jjiownin Fig. 50. Illu- 
inating gas is used as 

fuel. The burning gas 

irculates around the 
kettle holding the oil, 
thus heating it very 
uniformly. The work is held in 




Figure 50. Oil tempering furn; 



perforated pail or 
basket, somewhat smaller than the inside of the kettle. 
The degree of heat to which the oil is brought is 
shown by the thermometer. 

If not situated so that a furnace of thi.s kind is 
iessible, a kettle may be placed on a fire in a black- 



Oil tempering in a kettle. 

smith's forge and built up around with bricks, leaving 
a space up around the kettle for coals. Now fill the 
space with charcoal. As this catches fire, it heats the 
oil in the kettle. The articles to be tempered may he 
placed in the perforated sheet iron pail, at least two 
inches smaller than the inside of the kettle. The pail 
should have a flange at the bottom, as shown in Pig. 




51, or it should be blocked up i^i inches or 2 inches 
from the bottom of the kettle, to allow the oil to cir- 
culate freely beneath it. 

If the pail were to rest directly on the bottom, the 
pieces of work at the bottom of the pail would soften 
too much from coming in contact with the kettle, 
which is acted on by the direct heat of the fire. The 
thermometer should be placed between the pail and the 



Temperature of temper colors. 

kettle, as shown. It is advisable to stir the oil in the 
kettle occasionally, in order to equalize the heat. 
When the thermometer shows the desired degree of 
heat, the pail containing the work may be removed, 
set to one side, where no current of air can strike it, 
and allowed to cool off. 

When pieces of hardened steel are placed in a 

kettle of oil and heated, the temper colors do not show, 

so it becomes necessary to gauge the heat by a thermo- 

, meter. The temper colors are significant of a certain 

amount of heat which the steel has absorbed. 

Faint straw color 430 degrees Fahr. 

Straw color 460 

Light brown 490 

Darker brown 500 

Brown with purple spots. .510 

Light purple 530 

Dark purple 550 

Light blue 570 

Darker blue 600 

Blue, tinged with green ... 630 

Knowing the proper degree of heat to which a 
piece of steel should be subjected, it becomes possible 
to draw the temper on any number of pieces exactly 
alike, and much more uniformly than though they were 
gauged by color. As stated, 430 degrees of heat repre- 
sents a faint straw color, while 460 degrees a full straw, 
a difference of only 30 degrees, yet when tested with a 
file by one accustomed to this work, there is a vast 
difference in the hardness of the two. While the differ- 
ence in the two colors is slight, yet difference in the 
ability of the two pieces to resist wear in the case of 
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The necessity for proper temperatures." 

cutting- tools is quite noticeable. The average 
does not detect a difference of lo degrees by observiii., 
colors, consequently be is liable to bave a product vai;. 
ing in efficiency if be attempts to draw tbe temper bv 
observing tbe color. But if be gauges tbe temper bya 
thermometer be can get bis product witbin a limit of i 
degree or a degrees every day, and at a mucb less cost 
than if be were to draw to the color, provided the work 
is done in large quantities. 

At times a tool as it comes from tbe bath is too 
brittle to stand up well, yet when tbe temper is drawn 
to the first color discernible, ;, e., a light straw— it is 
too soft to do its maximum amount of work. Now, in 
a case of this kind the temper may be drawn to 200 to 
250 degrees, or any temperature that proves exactly 
right. 

The writer has in mind tools which, if left dead 
hard, would crumble away on certain projections when 
used; but if they were heated to the faintest straw 
color, would not do the amount of work required of 
them. But if they were taken from tbe hardening 
bath and placed in a kettle of boiling water (212 de- 
grees) and left there about five minutes, would show 
excellent results when used. Other tools showed best 
results when heated to 300 degrees and some to 350 
degrees. These facts are given tbe reader in order 
that be may understand that there is a method whereby 
tbe amount of brittleness in a piece of steel may be re- 
duced to a point where it will stand up to its work and 
yet not soften it as mucb as is necessary when it is 
drawn to tbe first temper color discernible. 

The colors visible on the brightened surface of a 
piece of heated steel are supposed to be due to a thin 



Reasons for colors on brightened surface. 

coating of oxide, formed hy the action of the air on 
the heated surface. If a piece of steel is heated in oil 
away from the air, these colors will not present them- 
selves, provided the steel is left in the oil until the 
temperature is below the point necessary to show the 
faint straw color (430 degrees). 

It is necessary, in order to gauge the temper to 
which steel is drawn if gauged by temper colors, not 
only to have the piece bright, hut it must be free from 
grease or oil, as the presence of oil will cause the 
colors to show differently than if the surface were 
clean. 

It is the custom in some shops to polish the 
hardened pieces and then draw the temper leaving the 
temper color as a iinisb. Now, if the work has been 
polished on a greased wheel, a certain amount of the 
oil is taken into the pores of the steel. When it is 
heated in tempering, this oil comes to the siirface of 
tbe steel and produces a peculiar appearance. The 
surface appears streaked. If it is wiped with an oily 
piece of waste or cloth, this streaky or mottled look 
disappears. Many hardeners always wipe a piece of 
steel being tempered with some substance haxdng oil 
or vaseline on it ; the appearance of the temper color 
is slightly changed by so doing, but allowance is made 
for this. 

When drawing the temper of articles which are 
small or thin, it is not advisable to heat by rapid 
methods, heating until the desired color appears and 
then quenching in cold water to keep it from running 
too low. The cold water, on account of the sudden 
chill which it gives an article heated to 430 to 500 or 
more degrees, has a tendency to make it more brittle 
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Always harden at the lowest heat. 

than it would be if it were drawn to the proper temper 
color and allowed to cool off slowly, or plunged in 
warm oil or hot water. In the case of large, heavy 
pieces, or where brittleness would do no particular 
harm, this precaution need not be observed so closely 
But on the other hand, if brittleness did no bami, i; 
would not be necessary to draw the temper, because 
few tools are ever too hard for the purpose for which 
they are intended. For, as previously explained, the 
process of hardening makes them too brittle to stand 
up well when they are in use, consequently they are 
tempered to reduce the brittleness to a point where 
they will stand up. But the process of tempering is also 
(unfortunately for cutting tools) a process of softening. 

It should be the aim of the hardener at all times 
to harden steel at the lowest heat that will give the 
desired result, because in this condition the steel is the 
strongest possible, and consequently will not need the 
temper drawn as much as though it was given a higher 
heat and made brittle. Many times the writer has 
seen hardeners heat a diamond point turning too! to a 
temperature much hotter than was necessary when 
hardening, then draw it to a full straw color in order 
to reduce the brittleness so it would be able to cut and 
not ilake off, or the surface cave in when the tool was 
cutting. 

Now, the tool in this condition could not do any- 
where near its maximum work in a given time. 
Neither would the life of the tool be as long as though 
it were hardened at the proper heat, and in this case it 
is doubtful if it would be necessary to draw the temper 
at all, provided it had not been improperly heated 
when forging, Many times tools of this description 
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Examples of hardening. 

tan have the temper drawn sufficiently by immersing 
:he tool after hardening in a dish of boiling water and 
.eaving there a few minutes. 



Examples of Hardening, 




When hardening articles made of tool steel, it is 
necessary to consider, first, the nature of the steel used, 
the construction of the article, next the shape of the 
article, and the use to which it is to be put. It is also 
necessary to take into consideration the means of heat- 
ing furnished by the shop, and the bath to be used in 
quenching the article after it is heated. 

The operator should adapt himself so far as possi- 
ble to circumstances as he finds them, although it is not 
advisable to attempt the impossible, because a failure 
is generally counted against the man making it, rather 
than to any lack of apparatus necessary to do a job suc- 
cessfully. By this is meant that it is not policy to at- 
tempt to heat a piece of steel for hardening in a fire 
that cannot be made to heat the piece the entire length 
under any conditions — that is, if it is necessary to 
harden it the entire length — ^because such an attempt 
must end in a manner disastrous to the steel. It is, 
however, the best plan to attempt to find some means 
whereby the piece may be heated properly by means 
^f the apparatus at hand. 

The writer remembers, when a boy, seeing a tool 
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maker hcatiiiy a long taper reamer. The only means 
of heating furnished by the shop was an ordinary black- 
smith's forge. By building a large, high fire he was 
not able to do a job satisfactory to himself, so lie cleaned 
the fire oiit nf the forge, and then took some firebrick, 




placing two rows on the forge, as shown in Fig. 52, 
On these he placed pieces of wire, about one-half inch 
apart, built two rows of bricks on top as shown, thtts 
forming an oven, and then built a fire of charcoal on 
the wires between the bricks. By standing bricks up 
at the openings at the ends, he was enabled to get a 
very good fire in which he heated the reamer in a very 
satisfactory manner. 

While it wonld not have been wise to have pursued 
this method of heating, if there had been many pieces 
of the kind mentioned to be hardened, yet the fact that 
this man was able to adapt himself to ciTcumstances 
and devise a way of doing a seemingly impossible 
thing, made him a valuable man in the estimation of 
his employers. It is the man who can do the seem- 



The preference of some hardeners. 

fegly impossible things about a shcjp tb;it is luokt-d 
upon as the invaluable man, and it generally cotints, 
as would be seen if his pay envelope was examined. 

While it is advisable, whenever possible, to study 
up some way of doing the work, do not attempt the 
impossible unless some one over you in authority 
assumes the responsibility. It is better to acknowledge 
your lack of ability than to spoil a costly piece of work, 
when it would have been considered advisable by those 
in authority to have sent the article to some one having 
the necessary equipment, had their attention been 
called to the matter. 

Cases like this may often be used to good advan- 
tage in pointing out the advisability of securing better 
facilities for hardening and tempering. As long as it 
is possible to get alung without any equipment but a 
common blacksmith's fire, it is often vei-y hard to 
obtain anything better. 
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Hardening Dies, 



If it is necessary to heat a large die in an 
ordinary blacksmith's forge, it can be done. It is 
done right along by men who have had years of ex- 
perience, and very satisfactory results are obtained. 
The writer knows a man who is considered a very suc- 
cessful hardener. He does very little else but harden- 
ing large drop forging dies. He heats them in an open 
fire and has very good success. He could have, were 
he to ask for it, the very best equipment that money 

E'd buy, but he prefers heating by the method men- 
ed. 
The writer also knows of an old man who lives 



Poor scheme to heat in blacksmith's forge.^| 

four or fivo miles frum the city. The electric cars ruH 
within five hundred feet of his house, but rather than 
ride on "them air new fangled devil's contraptions," 
as he calls them, he walks to the city, unless some of 
his neighbors give bim a ride in their carriage. It 
may not seem to be a parallel case. If it isn't, the odds 
are in favor of the farmer, as tliere may be a certain 
danger in riding in the trolley cars. 

Now, it is possible to beat a large piece of steel, 
such as a drop forging die, in a blacksmith's forge by 
building a large, high fire of charcoal, placing the die 
on this, making certain that the face is buried in the 
live coals to a depth of several inches. It would t 
necessary to raise the die occasionally and work the 
coals under it, as it would not do to allow the air from 
the blast to strike the face. It is very necessary to 
heat the face uniformly. In order to do this it maybe 
found necessary to move the die, so that some part 
that is heating slowly may be placed in a position 
where it will get more beat. 

Now, while it is possible to beat work of the descrip- 
tion mentioned by the method described, it is not policy 
to do it, provided any other means is at band, or can be 
procured — that is, if there are many pieces to be hard- 
ened. If there are but one or two pieces, it is possible 
by using extreme care to get good results ; but if there 
are many of them it is folly, speaking from a commer- 
cial standpoint, to beat by this method. 

A furnace which gives very good results may be 
made, if it is not considered advisable to purchase one 
especially adapted to this class of work. Fig. 53 repre- 
sents a mufile furnace burning hard coal as fuel, 
although charcoal or coke may he burned; but it will 
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;-made" furnace for die work. 



be found easier to maintain a uniform heat by the use 
of. hard coal, and as the products of combustion do not 
come in contact with the piece being heated, they cannot 
in any way harm it. A represents the muffle which 
receives the work. This is located directly over the 




Figure ;;. "Home-made" furnace lor die 



fire box B. The heat and gas from the fire pass up the 
sides and back of the muffle, thus insuring a very strong 
heat. The ash box C is provided with a door which has 
a sliding damper to furnish a draft for the fire. The 
smoke pipe is connected with the chimney. This is 
rlso provided with a damper to use in controlling the fire. 
The die may be blocked up from the bottom ty 
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Boxes for heating dies, 

teeans of several pieces of iron or fire brick to prevect 
the face coming in direct contact with the floor of tne 
muffle. The door of the muffle should have an open- 
ing, which should be covered with a piece of mica in 
order that the heat may be readily observed without 
cooling the die. 

When many very large, heavy dies are heated it is 
advisable to have the bottom of the muffle on a level 
with the floor, 
sinking the fire 
box and ash box 
in the ground. 
Ey having the 
muffle on a level 
with the floor 
it is not neces- 
sary to raise the 
die in order to 
get it into the 
muffle. When 
it is not consid- 
ered advisable 
to do this, an iron platform may be built on a level 
with the bottom of the muffle. The heated die may 
be run out on this and then taken with tongs or grap- 
pling hook and carried to the bath. 

Other forms of furnaces which may be used for 
this purpose are illustrated under the section showing 
Methods of Heating. 

It is customary with some manufacturers who make 
a great many dies to harden them in the following man- 
ner: Take a box a or 3 inches longer and wider thtdi 
the die, and 4 or 5 inches deeper. Put in about 2 inches 




Proper methods for heating dies. 

of gfranulated charred leather, place the face of the die 
on this, as shown in Fig. 54, then fill the box with 
leather. 

Some hardeners use a box large enough to take in 
the whole die and allow for a cover on top. It is then 
entirely removed from the action of the fire, even if 
heated in a furnace where the work is placed directly 
in the fire. But as it is not possible to get a test wire 
down through the center of the die, and a wire at the 
sides of the die would not show the amount of heat the 
die contained, and as there would be no means of 
observing the heat, the operator would have no means 
of knowing whether the die was too hot or not hot 
enough, or whether it was heating uniformly. And as 
the decarbonization of the surface of the upper part of 
the die is of little consequence, the plan suggested by 
Fig. 54 will be found the most satisfactory, as the 
heats can be watched and the die moved occasionally 
in order to equalize the heat, which is apt to be greater 
in one part of the furnace than in another. The furnace 
should not be heated much above the temperature 
desired for the die. It is better to take a longer time 
in heating than to heat unevenly, thereby setting up 
strains which are bound to manifest themselves when 
a piece is hardened, or if they do not at that time they 
will shortly afterward. 

When the proper heat has been obtained, the box 
may be removed from the furnace and the die taken 
out and plunged into the bath. The form of bath 
used for this class of work differs, some hardeners pre- 
ferring one with a jet of water coming up from the 
bottom, as shown in Fig. 55. This works very nicely 
if the impressions are not too deep, in which case th^ 
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""iteam formed lias a tendency to rise in the impressions 
and keeps the water from going to the bottom. When 
dies of this description are to be hardened, a bath may 
be constructed with an overhead pipe, as shown in Fig. 
56. By this means the die is placed on the rods shown, 
and when the water is turned on it will go to the bot- 




jet of water. This has the effect of starting any scale 
that may have been formed after the die was exposed 
to the air. 

Some hardeners have rods in the bath for the face 
of the die to rest upon, as shown in Fig. 55, then allow 
the jet to play against the face, while others claim bet- 
ter resitlts if the die is worked up and down somewhat 
in the bath as described. 

It is customary with many manufacturers who 



Barhs for hardening dies. 

have many dies of this character to harden, to use a 
bath having an inlet pipe coming up from the bottom, 

as jiist shown. When the die is properly heated, 

it is placed on the rods with the dovetailed tongue 

down; the stream of water is allowed to play against 

this side of the die until it is 

somewhat cooled ; this not only 

prevents this portion springing 

when the face is hardened, but 

it allows the heat to run to the 

face of the die. 
After the 

tongue side is 

sufficiently 

cooled, the die 

is turned over 

and the stream 

of water is di- 
rected against 

the face ; the 

overflow is 

checked suffi- 
ciently to allow 

the water to 

rise several 

inches above the face, on the sides of the die ; that is, 

it is immersed several inches in the bath; the depth 

o£ immersion depending on the character of the die and 

the custom in the individual shop. 

When dipping large, heavy dies in the bath, it is 

CorluiBable to hold the die with a pair of grappling 
as shown in Fig. 57. These should be attached 
ipe or chain and operated by a pulley, in order 




Tongs for handling heavy dies. 

that the die may be raised and lowered somewhat 
the bath. Then again, it would not be advisable for 
the workman to dip so large a piece of steel with tongs 
that necessitated holding his hands and arms over the 
Excellent results 
may be had by the 
use of a furnace built 
expressly for this 
class of work (see 
Fig. 58). The die A 
is supported on a 
platform B, and is 
raised mechan- 
ically, so that 
the am 
which it is nec- 
essary to hard- 



bath, as the im' 
mense volume of 
steam would be 
liable to bum 
him ; neither 
could he properly 
support the die 
in the bath. 




en is in the furnace, while the rest of the die is below 
and removed from the action of the heat. The heat- 
ing chamber is on top, with burners entering opposite 
sides and projecting the flame against the top lining 
and distributing it evenly. The die should not be 
placed on the platform until the furnace is evenly 
heated, when it may be raised by means of the lever 
D, until the face enters the furnace the desired amount. 
The face of the die can be observed through the open- 




Heating dies with a gas furnace. 

ing C. When heated to the desired degree, the plat- 
form is lowered, the die withdrawn and quenched- 
The weight of the die is counterbalanced 
by the weight shown, which can be shifted 
as occasion requires. 

Dies used in 
making; molds 
for hard rub- 
ber and similar 
work, whose 
faces are en- 
graved, may 
be packed as 
described and 
represented in 
Fig. 54. and 
run until the 
required heat 
is attained. 
After the heat 
becomesequa!- 
ized— I. e., the 
same through- 
out — the die 
may be dipped 
in the bath of 
brine, using 
the arrange- 
ment shown in 

Fig. 57- It is necessary to get the die 
soon as possible after removing froi 
material in order to prevent oxidatii 
containing the engraved work. 
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Punching press dies. 

Dies for punch press work, especially those used 
for blanking — that is, piinching blanks from sheet or 
other stock^KJCcasion a vast amount of trouble in many 
shops when they are hardened. Observation has led 
the writer to believe that most of the trouble is caused 
by uneven heats. The comers and edges of the block 
and the edges surrounding the openings will heat much 
more rapidly than the balance of the die block unless 
extreme care is used. 

Before putting the die in the fire, all screw and 
dowel pin holes and holes for guide pins (stops) should 
be filled with fire-clay, mixed with water to the consis- 
tency o£ dough. This prevents the contents of the bath 
entering the holes, and reduces the tendency to crack. 
The die should, if possible, be heated in a muffle fur- 
nace, not heating the furnace much, if any, hotter than 
the desired heat for the die. When it is to the proper 
heat and uniform throughout, remove from the fur- 
nace, catch by one end with a pair of tongs and lower 
into a bath of brine. Swing slowly back and forth in 
the bath, in order that the contents of the bath may 
pass through the openings. This insures the harden- 
ing of the walls, as otherwise the steam generated 
would force the contents of the bath away from the die 
until it had cooled to a point where it would not harden. 
When the die ceases to sing, it may be removed 
plunged into a tank of oil. 

There is not much danger of a die cracking when' 
dipped in a bath, provided it was annealed after the 
blank had been machined all over and the openings 
blocked out somewhere near to shape. But it is ex- 
tremely essential that the utmost care be taken when 
heating for hardening. Be sure that no part of the die 
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How to prevent cracking of dies, ^^^ 

heated any hotter than it should be. The heat 
t be uniform throughout the piece. If the shape is 
one that betokens trouble, it is advisable to heat the 
contents o£ the bath considerably. Generally speak- 
ing, it is not advisable to use an extremely cold bath 
on this class of work. 

The writer prefers using a tank of generous pro- 
portions, so the contents would not be materially 
affected by the heated piece, and heating the liquid to 
a degree that does away with any tendency to crack 
the piece. An excellent method to prevent the ten- 
dency to crack from internal strains, consists in placing 
the die, after hardening, in a kettle of boiling water, 
keeping the die in the water at this temperature for 
one or more hours, according to the size of the die. 

If the temper is to be drawn immediately after the 
die is taken from the bath, a flat piece of cast iron or 
scrap steel may be heated while the die is being heated, 
and quenched. It is customary with some hardeners 
to heat the piece red-hot. Brighten the face of the 
die and lay it on the heated iron. The die should be 
moved around on the heated piece and turned over 
occasionally to heat both .sides alike. When the temper 
has been drawn the desired amount, the die may be 
immersed in oil, thus preventing the temper being 
^drawn too much. 

While it is the custom of many hardeners to heat 

drawing plate red-hot, as explained, before placing 
iihe die on it, the writer considers it better practice to 
heat the plate somewhat, leaving it over an open lire. 
Place the die on the plate and gradually raise the heat. 
It is rather rough treatment for a piece of unyielding 

.ened steel to be brought in direct contact with 
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Don't brine steel to sudden heat. 



extreme heat, and is liable tcj crack the surface of tfl 
steel in innumerable places, especially if the operatoi 
is not thoroughly experienced in this line of work. 

The amount necessary to draw the temper of a 
blanking die depends on the steel used in its construc- 
tion, the temperature it was heated to when hardened, 
and the nature of the work to be performed by it. 

Generally speaking, it is advisable to refer the 
matter of how hard the die or punch should be to some 
one familiar with the requirements of the work to he 
done. In some cases it is desirable to have the punch 
the harder of the two, although, generally speaking, the 
die is left harder than the punch. In some shops, tie 
one that requires the greater expense in making is left 
the hardest, in order that it may be the least injured m 
case they strike together when in use. In such cases 
it is necessary to draw the one that is desired softest 
considerable lower than the other. 

But as the circumstances must govern the relative 
hardness of the two, no hard and fast rule can be given. 

It is customary to draw to a temperature varying 
from that which produces a faint straw color, to a 
hrown with purple spots. 

Probably no one class of tools used in machine 
shop work requires greater care on the part of the 
hardener than the hardening and tempering of punches 
and dies ; and probably no class of tools involves a wider 
range of methods of hardening and degrees of hardness 
essential to produce desired results in the individual 

The hardener who is desirous of giving satisfac- 
tion will sttidy the conditions in the shop where the 
tools are to be used. He will also consider the steel 



Hardening the punch. 




used in the construction of the tools and the nature of 
the stock to be machined. It will be necessary also to 
get the experience of men familiar with the work to be 
done, because a die and punch hardened and tempered 
in a manner that insured satisfaction in one shop would 
not meet the requirements in some other shop. 

When hardening the punch, use extreme care in 
heating. If the punch is strong and is to be used for 
punching comparatively light stock, it is not necessary 
to harden it the entire length. Take, for instance, the 
punch shown in 

Fig. 59? to be 
used for punch- 
ing sheet steel 
-^Q inch thick. 
This will work 
satisfactorily if 
hardened to 
the dotted line 
shown. 

When, how- 
ever, it is neces- 
sary to harden a 
piercing punch of 
the design shown 
in Fig. 60, it will 
be found neces- 
sary to harden 
the entire length 
of the end a, if 
the punch is to be 
used on heavy 

stock. Should Figure 59. Punch for ^ inch steel plates. 
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Kind of steel to use for punches. 

the hardness extend only to the dotted cross line, 
would buckle, as shown in Pig. 6i, when punching 
stock as thick as the diameter of the punch. 

When making punches that are heavy and strong, 
and which must retain a good edge, it is advisable to 
use a steel of comparatively Iiigh carbon. But if 



Figure 60. Piercing punch tor heavy worlt. 

punches are made of tlie form shown in Fig, 60, best 
results will follow if a comparatively /oa/ carbon steel 
is used, as it is not as liable to crystallize as if a higher 




steel were used. As a rule, drill rod does not give 
good results when used in making tools of this de- 
scription. 

When punches are sufficiently strong, it is advis- 
able to apply the heat at the shank end when draw- 
ing the temper. A block, as shown in Fig. '62, having 
several holes a trifle larger than the shanks of the 
punches may be heated red hot and the punches placed 
in these holes. When the desired temper color is visi- 



How to heat slender punches. 

Vile at the cutting end, the punch may be taken from 
the block and dropped in oil to prevent its becoming; 
too soft. The upper end of piinch will, of course, be 
softer than the cutting end. 

When a long, slender pmich, of the design shown 
in Fig. 60, is to be tempered, and the punch is to be 




Figure 61. 
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subjected to great pressure, it must be hardened the 
entire length, and the tem.per drawn equally the whole 
length. This can be accomplished by heating in a 
heating machine of the design shown in Fig. 48, or the 
punches may be placed in a pan containing sand and 
drawn over a fire. Or they may he placed in a kettle 
of hot oil, gauging the heat by means of a thermometer. 

If intended for piercing a heavy, tough stock, they 
will be found to work very satisfactorily if drawn to 
a full straw color, 460°. 

Many hardeners and others look askance at ther- 
mometers and always associate them with theory 
rather than practice, with the laboratory rather than 



Forming and ring dies. 

the workshop. In reality they are just as practical a 
tool as a steel scale or a micrometer, and, like them, 
enable us to measure rather than to guess. 

Forming Dies. 

When hardening forming dies or dies for compres- 
sion work, if a great amount of pressure is to be exen- 
ed in order to perform the necessary work, the dies will 
not stand up as well if hardened at a low heat as though 
heated somewhat hotter. The outside surface will be 
hard, but under pressure this surface will be forced or 
crushed in, the interior not being hard enough to resist 
the pressure on the outer surface. It is, as stated, 
sometimes necessary in such cases, to heat the block 
somewhat hotter than if it were a cutting tool, yet care 
must be exercised that the piece be not overheated. 
But while it may be advisable to heat somewhat hotter 
than is the case with most tools, the heat must be uni- 
form throughout the die. 

It is not, generally speaking, advisable to draw the 
temper very much on tools of this description, but it is 
necessary to remove the tendency to crack from in- 
ternal strains. This is done by heating the die over a 
fire until it is at a temperature that makes it impossible 
to hold the hand on it, yet not hot enough to percep- 
tibly start the temper, or it may be boiled in a kettle 
of water for several hours. 



Ring Dies, 



When hardening large ring dies or pieces of a cir- 
cular shape, whose size and weight make it impracti- 
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^ble to harden by ordinary methods, it is a good plan 
Bo heat in a furnace made especially for this class of 
fwork. Such a furnace is seen in Fig. 
I63, which shows a circular block A in 
wsition for heating. It is resting on 
trips of iron C supported by pieces 
fire-clay B. The circular piece be- 
ing heated should be in the center 
of the furnace — i. e., evenly dis- 
tant from the 
walls. The c 
is attached to 
the mecha- 
nism for rais- 
ing the cover, 
and held by 
the chains EE. 
It is possible, 
by using prop- 
er care, to heat 
work very uni- 
formly in a 
furnace of this 
description. 

A method 
the writer has 
■used with ex- 
cellent results 
when harden- 
ing work of this character, consists in placing the 
ring or circular die in an iron box two or three inches 
larger each way inside than the circular piece. A cir- 
cular box gives better results than a square one, as 
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Box for heating ring dies. 

more uniform heats may be obtained. Place i . 
inches of a mixture of equal parts granulated charred 
leather and charcoal in the bottom of the box. Place 
the piece of work on this, cover with the mixture 
to a depth of an inch or so, put the cover on the box 
and place in the furnace. 

When the piece is of a rmiform red heat, the box 
may be removed from the furnace and the piece of 
work taken out by 
grasping it with 
tongs on opposite 
sides, as shown in 
Fig. 64. Place it 
on a device which 
consists of a Ting 
having three han- 
dles, as represented 
in Fig. 65. Have 
the ring (which 
should be made of 
iron or machinery 
steel) considerably 
thinner than the 
thickness of the piece to be hardened, but wide enough 
to screw the handles in as shown. The handles d i 
are threaded on one end and bent ; they are then 
screwed into the ring, as shown. A stud c having a 
tapped hole is screwed in also. The third handle is 
screwed into this. The object of making it by this 
method is, the handle may be unscrewed from the stud 
c and the piece to be hardened put in place. The 
handle may then be screwed into the hole in stud. li 
the piece of work is very large and heavy, a man may , , 



Device tor ]iar-c.:--2 ir-t 
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Forms of screw cutting dies. 

of this description to heat very slowly, .so as to have all 
parts of an equal temperature. If possible, have the 
heat so uniform that it will not he necessary to quench 
the article when the desired heat is reached. Should 
the temper colors, however, run so fast that it seems 
necessary to quench in order to keep it from becoming 
too soft, it should be dipped in oil or hot water, as, if 
dipped in cold water, it would have a tendency to cause 
brittleness. 

Screw Threading Dies. 

There are several forms of the die under considera- 
tion. They are sometimes made square, then again 
they are made round in shape, with no means of ad- 
justment. They are then termed solid dies. Most ■ 
square dies are made solid. 




When it is necessary to cut a screw to size or t 
gauge, it is generally considered advisable to make the 
finish die of a form known as an adjustable die. The 
forms referred to are shown above, in Fig. 66. 

The solid square die, being used mostly for thread- 
ing bolts and similar work where accuracy is not 
essential, are usually made to cut j/waff enough, and no 
particular pains taken when they are hardened. How- 



Holder for hardening screw dies. 

" ever, if a die of this form is hardened all over, the con- 
traction from the outside edges is very unequal, on ac- 
count of the comer containing more stock than the 
portion between. Owing to the unequal contraction, 
the cutting edges do not have an equal amount of 
work to do, so one cutting edge dulls more rapidly 
1 the other. Every tool maker knows the secret of 
success in making a screw threading die that will work 
itisfactory, lays in having each cutting edge cut its 
proportional amount. It will readily be seen that any 
lln€•^^«Jl/ contraction or wear, which causes an upsetting 
Bf this equality in cutting, must reduce the usefulness 
Df the tool. 

Too often no account is taken of the amount of work 
I tool will do after it is hardened. If it survives the 
Btdeal of going through the iire and water, and will 
jut, it is considered a successful job of hardening. 

From the preceding it will be seen that it is neces- 
sary, in order that best re- 
sults may follow, that the 
die be in {as near as possi- 
ble) the same shape, and 
the location of the cutting 
edges be the same as be- 
fore hardening. Now, in 
order to accomplish this 
result, it is necessary to 
treat the die in a manner 
that will cause the cutting 
portion to 'ha.TAea. first. By 
so doing, the contraction 
i>f the outer portion does 
not seriously affect the cut- 




How to prevent ' 



in screw dies. 



ting qualities of the tool. When hardening a square 
or a solid round die, it is sometimes considered advis- 
able to place the die in a fixture, as shown in Fig. 
67. It is then immersed in the bath and swung slowly 
back and forth in 
order that the liquid 
may readily pass 
through the opening, 




thu 



ng the 



hardening of the cut- 
ting teeth. T 
tion near the 
ference is, of course, 
soft. This is rather 
to be desired than 
otherwise in the form 
of die under consid- 
eration. 

When adjustable 
dies are hardened, it 
is generally consid- 
ered necessary to harden the outer portion in order 
to furnish a certain amount of elasticity, in order 
that the die may open 



Figure 69. Eiampk of "wml" 



uniformly when ex- 
panded. The neces.sity 
of this depends on the 

design of the die. If ^^ 

stock enough is left at n r . ^h 

the portion where the die is supposed to spring, ^^| 
stiffness of the stock will give it siifficient tension. 
Should it be neceasary to harden the outer portion 
somewhat, the fixture may be cut away in a manner 



Cooling dies for screw cutting. 

tliat allows the contents of the bath to come in contact 

with the steel nearer the outer edge. 

Adjustable dies of the description shown should not 
be cut entirely through at the point where pressure is 
applied to open them, but may be cut nearly through, 




Figure 70. Method of cooling dies for thread cutting. 

commencing at the inside and cutting toward the out- 
side, leaving a thin partition, as shown in Fig. 68. 
This partition holds the die in shape, preventing the 
tendency to twist, shown in Fig. 69. 

When it is not considered advisable to make or use 
a fixture as described, the die may be grasped, after 
being heated, with a pair of tongs, as shown in Fig. 
70, and quenched in a bath of lukewarm water or 
brine, swinging it slowly back and forth, as repre- 
sented. When hardening any tool of this description, 

»5i 



Drawing the temper of a "spring" die, 

bear in mind the fact that the article should never be~| 
heated in a manner that allows the cutting teeth to 
beuorae oxidized by exposure to the air while heating. 
Best results are obtained by heating in a muffle or a 
piece of pipe. If the surface of the teeth become 
covered with a scale of oxide, this raises, and keeps the 
contents of the bath from acting, thus causing soft 
spots, which render the tool practically useless. 

An excellent plan consists in heating the dies in an 
iron box having a half inch of charred leather in the 
bottom. Fill the opening in the die with the same 
material. When the die reaches a uniform tempera- 
ture which is right to produce the desired result, 
quench in the bath. 

When hardening "spring" dies, or, as they are 
familiarly termed in some shops, "hollow mill dies," 
best results are obtained by dipping in the bath with 
the cutting end up- 
permost, as de- 



scribed under Hard, 
ening Hollow Mills, 
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Generally speaking, it is not necessary lo heat the i 
much beyond the length of the threads. 



rempering small dies. 

The temper may be drawn by placing the die on a 
hot plate, as shown in Fig. 71, drawing from the back 
end. On account of the shape of the cutting edge, 
which makes it stronger than the ordinary fonn of 
screw threading die, it is not necessary to draw the 
temper as much. A faint straw color making them 
abont right, unless the cutting tooth is long and weak, 
in which case it may be drawn to a full straw color. 

If many dies are to be tempered at a time, the cost 
may be reduced very materially by heating in a kettle 
of oil, drawing them to a temperature which varies 
from 460° to 500°, according to the conditions pre- 
viously mentioned. 

When but one or two are to be done, it is advisable 
to brighten the sides and draw the temper by laying 
them on a flat plate, moving around on the plate, and 
turning them over occasionally. The temper color 
should be from a straw to a brown color. If it is con- 
sidered advisable to draw the temper of a large batch 
of dies by the hot plate method, the plate may be 
placed over a fire, in order to maintain a uniform heat. 
Quite a number of dies may be placed on the plate at 
a time. It is necessary to turn them occasionally, as 
rnentioned. As one shows the proper temper color, it 
may be removed and placed in a dish of warm oil. By 
this method a skillful operator can temper a large batch 
of dies in a comparatively short space of time, but the 
results will not be as satisfactorj- as though heated in oij. 

The amount of work to be done will always deter- 
mine the most economical method of doing it, but it is 
better to err on the side of having too many convenJ-^n- 
_ges. A few spoiled tools will pay for several improve- 



CrackitiG of dies from internal strains. 



Large pieces uf steel are more liable to crack as .i 
result of ititemai strains than smaller pieces. On ac- 
count of the weijiht of the piece there is a tendency <}n 
the part of some hardeners to neglect reheating the 
piece to overcome this tendency to crack, due to various 
uneven heats the steel may have received. 

In order to overcome this tendency, the die should 
be reheated in a uniform manner to a temperature that 
allows the various portions to conform to any strains 
in the piece. This may be accomplished by placing the 
die in the fire, turning it occasionally, in order that it 
may he uniformly heated, and heating until moisture 
applied to the surface forms steam. This method when 
applied to /afge pieces is not apt to result in the center 
of the piece being heated as hot as the outside. Con- 
sequently dr/Ur results will follow if the die is placed in 
a kettle or tank of boiling water (212°) and left there 
until heated uniformly throughout. If the die is large 
this will necessitate leaving it in the water at the boil- 
ing point for several hours, as it takes longer to heat 
a large piece of steel throughly than we realiKe. It 
pays to be very careftil about these little points, as these 
dies are often expensive. 

Hardening Long Articles. 

Most hardeners dread hardening long, slender 
articles, on account of the uncertainty attending the 
operation, so far as results are concerned. If the 
article is a reamer or similar tool, having teeth on the 
outer surface, it will not require as great an amount of 
heat as though it were a solid piece. In any case, 
however, d'j not heat any hotter than is necessary to 



Proper way to harden long articles. 

accomplish the desired result, always remembering 
that even heats are the secret of success when heating 
steel for hardening. If the tools are hotter on one side 
than the other, unequal contraction must take place ; 
consequently, the article will be crooked. 

When hardening long reamers and similar tools, it 

is necessary that the 



Wrong 



Right 



heat should be uniform 
and as low as possible. 
It must be the same 
on each side. If one 
side be a low red and 
the opposite side a 
bright red, and it is 
quenched in the bath, 
it is sure to come out 
crooked. A piece of 
this description must 
be dipped in the bath 
in as nearly a vertical 
position as possible, as 
shown in Fig. 72, in 
order to cool both 
sides uniformly. If 
it be dipped at very 
much of an angle, as 
shown in example marked * * wrong, " it will surely spring, 
3n account of the uneven contraction of the two opposite 
sides. It is necessary to work such pieces up and 
iown in the bath, changing the location occasionally in 
Drder to avoid the effects of the steam generated. 

These may seem like unnecessary precautions, but 
:he results obtained will show that it is worth while 
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The Derry CuHatd Co. 

Figure 72. Proper method for dipping 
long articles. 
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Advantages of heated haths. 



observing them as thoroughly as possible. It's the I 
little things that count in successful hardening and 
tempering. 

Condition of the Bath. 

If the tuol is of a design that makes springinga 
possibility when the article is quenched, it will be 
necessary to warm the contents of the bath consider- 
ably, the degree to which it should be heated depend- 
ing on the shape of the tool and the temper of the steel 
used. Excellent results are many times obtained with 
a bath heated to a temperature of loo" to 150°. 

The writer has had excellent results when harden- 
ing articles of this description by placing them in 
tubes one inch larger inside than the piece to be 
hardened. It should be placed in the center of the 
tube, the space between the article and the tube being 
filled with charred leather. The ends should be stop- 
ped and sealed with fire-clay. The tube is then placed 
in the fire and given a uniform heat for a period that 
insures the article being evenly heated to the desired 
temperature, when it may he removed from the tube 
and plimged in a warm bath of brine or the citric acid 
solution. 



Hardening Taps. 



L 



It is necessary to take into consideration the del 
of the tool, the steel used, and the nature of the y 
to be done by the tap. If the too! is very long a 
is necessary to harden but a small portion of the lei 
it is not necessary to heat it any farther up thanfl 
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The hardening of taps. 

jpgth which requires hardening;. In sni. 
nparatively simple job. 
When a long tap requires heating and hardei 
I its entire length, it is necessary to devise some way of 
uniformly heat- 
ing the piece. 
Iti 

sary to quench 
m such a i 
ner that all por- 
tions will cool 
as uniformly as 
pos 

avoid unequal 
contraction, 
thu.s preventing 
springing or 
cracking. 

When hard- 
ening taps, care 
should be exer- 
cised that the 
teeth are heated no hotter than the refining heat, 
or they will be brittle. If heated hotter than nec- 
essary, it must have the temper drawn very low, or 
the teeth will snap off when used. If the temper is 
drawn low, as described, the tap is too soft to perform 
its full share of work. When hardening tools having 
teeth or projections, it is essential that the heat be the 
lowest possible. It is advisable to heat in a mufHe 
furnace or enclosed in some receptacle to remove it 
Jrom the products of combustion in the furnace and 
. oxidation by the action of the air. When it 




Bath for hardening taps. 

reaches a low, imiforni heat, clip in the bath of water 
or brine, preferably the latter. Work up and down 
rapidly, to bring the contents of the bath in contact 
with the teeth; or, better still, use a bath as shown 
in Fig. 73, having inlet pipes on opposite sides of the 
tank, these pipes being perforated, as shown. It is 
advisable to have the piping so designed that the 
upright perforated pipes may be placed against the 
side of the tank or moved toward each other, in order 
that the jets coming out of the holes may strike the 
object with sufficient force to drive the steam away, 
thus allowing the liquid to act on the steel. 

Long taps give best results if packed in a tube 
with carbon, in the form of charred leather, as de- 
scribed in hardening reamers. When it has reached 
the proper uniform hardening heat, it may.be hardened 
by immersing in the form of bath represented in Fig, 
73. If a bath of this description is not at hand, verjr 
satisfactory results may be obtained by dipping in an 
ordinary bath of the desired temperature, and revolve 
the piece rapidly in the bath to insure uniform results. 
This will in a measure imitate the bath mentioned, 

A bath of brine, or the citric acid solution, give 
excellent satisfaction for hardening tools of this descrip- 
tion. Unless the tap is of large diameter, do not use 
a cold bath. 



Hardening Small Taps, Reamen 
Counterbores, Etc. 



1 



When small articles of this description are hardened 
in great quantities, it is necessary to devise means 



Muffle furnace for heating taps. 

ereby they may be hardened cheaply, yet the work 
St be done in a satisfactory manner. Various 
thods are employed tb accomplish this, and one of 
: most successful methods that has come to the 
iter's attention consists of a furnace made with a 
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The Derry Collard Co. 



Figufe 74. Muffle furnace for heating taps. 



ffle. The heat was furnished by burning illuminat- 
gas, or it may be designed to bum coal. The 
ffle was made as shown in Fig. 74. Cleats are cast 
to the walls of the muffle, which in this case was 
t iron. On these cleats shelves were placed, and 
these shelves the pieces to be hardened were heated, 
vas necessary to turn the pieces over occasionally to 
ire uniform results. 

When a piece was heated to the proper tempera- 
2, it was taken by means of a pair of tongs and 
pped into a bath, which consisted of a tank having 



159 



Bath tor hardening taps and reamers. 

several tube-shaped pieces iif wire netting, as shoivn'E 
Fig. 75. The tubes were slightly larger inside thaa I 
the diameter of the largest part of the tool being I 
hardened. Tubes of various sizes were used, the I 
size depending on the diameter of the tools to be 
hardened. The tank had a supply pipe coming up J 




Figure 75. Bithfi,t 



from the bottom. This 
tank overhead. A pum] 
into the supply tank. I 
of clear water, brine, 



i connected with a suppl)' 
as used to force the water 
as possible to use a bath 
any favorite hardening 



solution. In this case, the bath consisted of the citric 
acid solution, described under "Hardening Baths." 
It was kept at a temperatiire of about 60°, As fast 
as the pieces were heated to the desired temperature, 
they were taken with tongs and dropped into one 
of the tubes, the cutting end being down. They 



How to brighten taps to show color. 

Lssed clown through the tubes on to an incline, and 
. into a t:atch pan, as shown. The distance the 
Beces traveled in the bath was considered when 
Besigning: it. It was found hy experiment that the 
largest piece t<i he hardened would cool below a red 
heat in falling a distance of tjvo feet in the bath. To 
make satisfactory results a certainty, the depth of the 
part of the tank 
through which the 
pieces passed was 
made 36 inches. If 
the tbols had .struck 
and 




limed on their side before the red had disappeared 
1 the surface, they would have, in all probability, 
"ung; but, as it was, excellent results were obtained. 
When taps are brightened, in order that the temper 
colors may be visible, it is not advisable to use a piece 
of emery cloth on a stick or round file, as is often done, 
because unless the operator is extremely careful, he is 
j.pt to cut away the cutting edge of the teeth, thus 
tendering the tool unfit for use. If possible, use an 
mery wheel of the shape of the groove, as shown in 
pig. 76. It is not absolutely necessary to use a fixture, 
i tiie tap may be held in the hands for brightening. 



Other ways of heating taps. 

In this way, not only is the steel brightened, so the 
colors may be readily seen, biit the cutting edges are 
groi,md sharp, and any burrs thrown up between the 
teeth are ground away. 

When bnt a few taps are to be tempered, it is pos- 
sible to heat them sufficiently in a gas Jet or the flame 
of a Bnnsen burner; sometimes the flame of a candle 
is used when the article is very small, as in Fig. 77. 
With a blowpipe, a hot flame can be produced. 

When the taps are made in quantities sufl^- 
ciently large, it is much more economical to 
draw the temper by placing in a kettle of oil, 
gauging the temperature with a thermometer. 

The amount necessary to draw the temper 
of a tap in order to get desired results, de- 
pends, as with most 
other cutting tools, on 
the steel used, the heat 
given when hardening, 
and the use to which they are to 
be put. Very small taps that are 
to be used by hand may be left 
harder than those intended for 
use in a screw machine. Taps 
used by band should be drawn 

to deep straw or brown color, while those used on 
screw machine work need drawing to a deep brown, 
and in some cases to a purple. 

Half Round Reamers. 

These should be heated very carefully in a pia 
muffle furnace to the lowest heat possible to haj 




m dipping in the bath, the reamer should be in- 
sd somewhat from a perpendicular ]>f)sition, the 
fier portion being on the lower side, as shown in 
78, to avoid a tendency to spring. The contents 
le bath should be heated as warm as is consistent 
I good results, as this will help keep it straight. 

Should the ream- 
er spring somewhat 




harde 



it 



'ipire 78. Proper melhoi for cooling 



may be straight- 
ened by reheating 
and exerting a 
pressure on the 
convex side. 

If the projection 
has been left on the 
end, as shown in 
Fig. 79, the reamer 
may be placed be- 
tween centers and 
straightened, as 
represented else- 
where. 

Should it be a reamer having no center at the 
[I end, it may be placed on two V blocks, as shown 
'ig. 80, Apply heat by means of a gas jet, spirit 
J, or any other means to the lower side, heat until 
ilaced on the surface commences to smoke. Now 
f pressure at P, on top side. When it has beer. 
Bff the proper amount, cool by means of wet 
le. 

3'lie possibility of straightening reamers and sim- 
work means such a saving in many shops that it 



Hardening milling cutters. 

will pay to have special attention paid to it, as crooked 
tcrtds of any kind cannot do accurate work. It will 
pay to rig np fixtures especially for this, as the saving 
is far greater than the cost. 

Small, half-round reamers should be drawn to a 
full straw, or a brown color for most work. 



Hardening Milling Machine Cutters. 

As most shops have at least one milling machine, 
and many shops hundreds, there are probably more 
cutters hardened for this class of work than for any 
other. 

In hardening this class of tools, it is necessary to 
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Figure 79. Hdlf-roiind reamer. 

have them hard enough to cut the metal being 
machined, yet tough enough to stand up under the 
strain to which it must be subjected. 

Milling machine cutters should be hardened at a 
lower heat than a solid piece of the same size. The 
teeth, being slender and projecting from the solid 
body, take heat very readily. When possible, tools of 
this description should be annealed after a hole some- 
what smaller than the finished size has been drilled 
and the tool blocked out to shape in order to overcome 
the tendency to crack from internal strains. If it has 
not been possible to do this, or if for any reason it has 



Care in heating milling cutters. 

not been considered advisable, the cutter may be heated. 
to a low red and laid to one side and allowed to cool 
until the red has disappeared, when it may be reheated 
and quenched. It is always better, however, to anneal 
after blocking out if it can be planned so as to take 
the time necessary to do this. The results are more 
satisfactory in every way. 

It may be well to again caution the reader in regard 
to the heats. The teeth o£ this form of tool being thin, 
are apt to absorb heat faster than one realizes, and as 
a consequence, they become too hot. If a cutter is 



I 



overheated, it will not do 



by 
Kat 

Be: 



nuch nor as satisfactory 
,-ork as though properly heated ; but should the teeth 
.by any carelessness become overheated, do not quench 
that heat, thinking no one will know the difference, 
hile it is possible to misrepresent the condition of 
;he heat when describing it, the texture of the steel 
always tells the truth in regard to what the operator 
has done with it when in the fire. Neither is it a good 
ilan to hold it in the air and let it cool imtil the color 
iws about right, because it is hotter inside than on 
outside; and then again, the grain will be as coarse 
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to cool niilline cutters. 



as though it were dipped at the higher heat. It should 
be allowed to cool off and then heated to the refining 
heat and quenched. 

When this form of tool is ready to harden, place it 
on a wire, bent as shown in Fig. Si, The wire should 
be large , enough to hold the cutter without 
bending, Vy but not mm:h larger, as it should 
not impede \ the circulation of the fluid through 
theholeofthe \ cutter. Neithershould anycon- 
siderable sized \^ piece of steel rest against the 




the action of the bath 
form if it were kept away 
of the piece. The cutter 
around well in the bath 
when it may be re- 
and left until cold, 
held over a fire 
move any ten- 
strains. The 
quired amount. 



side of the cutter, 

would not be uni 

from some portions 

should be worked 

until the teeth are hard, 

moved and plunged in 

It should then be taken an3 

and heated sufficiently tc re- 

dency to crack from internal 

temper may now be drawn the re^ 

A method in use 
in many shops, con- 
sists in dipping the 
cutter in a bath of 
water having one or 
two inches of oil on 
the surface. The 

cutter is passed down through the oil into the water 
Fig. Sz shows a bath of this description. The oil does 
away with the first sudden shock, which results when 
hot steel is plunged into cold water, and as a small 
portion of the oil adheres to the teeth, especially in the 
comers where the teeth join the body of the material, 
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! action of the water is not as "rank" 
ierwise "be the case. Where the teeth are long or 
s mill is of irregular contour, it is advisable to heat 
■ water somewhat. Water or brine, heated luke- 
'warm, works fully as well as though cold on tools of 
this description and is not as likely to crack them. 
When the outline is very irregular and the tool is made 
of high carbon steel, the writer has had excellent suc- 
cess using a bath of brine heated to 80° Fahr. The 
idea that a bath must be as cold as possible has prob- 
^^bly ruined more steel than we realize. 

^fcrawing Temper of Milling Machine 
^M Cutters. 

^^ A method in very general use for drawing temper 

of milling machine cutters, consists in placing the 
hardened cutter on an 
iron plug of the form 
shown in Fig. 83, the 
plug having been pre- 
viously heated suffici- 
ently to draw the tem- 
per of the cutter. 

The plug, when 
heated, should not fill 
the hole in the cutter. 
In order to heat the 
cutter uniformly, it 
should be turned con- figure 

— stantly on the plug. 

It is, of course, necessary t 





brighten the backs 



Heating milling cutters on a plug. j 

of the cutter teeth in order that Lhe temper colors 
may be readily discerned. 

The writer has had best results by holdmg the 
cutter over a fire, or a hot plate, and warmiag the 
circumference to a degree that made it impossible to 
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Figure 8;. PI1.S for hriling milling cutn^rs. 

hold the hand on it, previous to placing the cutter on 
the plug. It was then placed on the plug and turned 
constantly until the proper temper colors showed, 
when it was plunged in oil to prevent its getting too 
soft. 

The object attained in heating the outer surface 
first, was that the heat given was sufficient to make 
the steel at this point somewhat pliable; whereas, i£ 
the cutter had been placed when cold on the red hoi 
plug, the cutter absorbing the heat would tend to 
expand the steel toward the outer, rigid surface. If 
this expansion should prove, as it does many times, to 
be greater than the steel could stand, cracks would 
result. 

The amount of heat necessary to give a milling 
machine cutter when drawing temper can not be stated 
arbitrarily. It is desirable to leave it as hard as possi- 
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Hardening shank mills. 

\ and yet not have it too brittle to stand up wtien 

consequently, it should not be heated any hot- 

than necessary when hardening. It should ««/ be 

nged in a bath of extremely cold fluid, neither 

ihould it be checked in cold water when the temper 

has been drawn sufficiently. 

While it is not considered advisable by many 
mechanics to make ctitters of this description of a A/g'k 
carbon steel, the writer's experience has convinced 
him that better results are obtained by using a high 
carbon steel extremely late in phosphorus, and using 
freme care in the heating. Then quenching in a bath 
i warm brine, 80" to roo° Fahr. 

For ordinary work, a faint straw color (430°) gives 
best results, although it may be necessary at times to 
draw to a full straw color, 460°. 

A kettle of oil, heated to the desired temperature, 
furnishes an ideal method of tempering cutters of this 
description. This method has been fully described 
under the proper section on pages 121 and iiz, and 
ihould be carefully considered in connection with tools 
if this character 

Hardening Shank Mills. 

The percentage of carbon necessary to give the 
(est results, depends on the make of steel. For ordin- 
iry work, however, a steel having i'/( per cent, gives 
"good results. 

The methods employed in heating and quenching 
shank mills when hardening, depend in a measure on 

[he form of the mill and the custom in the individual 
hop. Mills of the form shown in Fig. S4, may be 
1 J -^ 



Best way to harden shank mills. 

heated to a uniform low red heat for a short distance 
above the teeth, stopping the heat in the necked portion, 
marked a. In some shops it is the custom to leave 
the shank quite a little larger than finish size in order 
that it may be turned to size in the lathe and fitted to 
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the collet or spindle after hardening. In such cases it 
is necessary to leave the shank soft its entire length. 
In other shops it is the custom to turn the shank nearly 
to size before hardening, leaving on just enough to 
allow for grinding to a fit and remove any untruth 
resulting from springing in hardening. If it is neces- 
sary to leave the shank soft its entire length, care 
should be exercised in heating and dipping in the bath 
that the shank is not hardened in the least. If it is to 
be ground to a fit, the same care is not necessary, 
although greater care must be exercised in grinding if 
the shank is hard for a short distance and the balance 
is soft; but if careful when taking the finishing cuts on 
the grinder, no trouble need be experienced. If the 
cutter is made as represented in Fig. 85, it will be 
necessary, in order to harden the teeth the entire length 
in a satisfactory manner, to harden the shank for a 
short distance. 

When hardening a cutter of the description shown 



Treatment of holes in shank mill 



^^B'ig, 86, having a recess of considerable depth in the 

^^B, much better results will be obtained if it is dipped 

^^■fae bath with the hole uppermost, as shown in Fig, 

^^B— that is, provided it is necessary to harden the walls 

|^P»the hole. If this. were not desirable, then it would 

be safest to fill the hole with fire-clay, mixed with 

water, to the consistency of dough, and the cutter 

dipped as shown on next page. If the hole was not 

filled and the cutter was dipped in the hath with the 

hole down, the steam generated would drive the water 

away from the teeth at end; and furthermore, the 

steam would very likely cause the thin walls to crack. 




Treatment of T slot cutters. 



portion so it will not spring or twist off when the Q 
is in operation. If the cutter is of a size thai n 
the necked portion large and strong enotigh to t 
the cutting strain, it might not appear at first tho^ 



IS gen 
an inch 
will, if left 
cast 

the walh 



necessary to harden this. But as. i 
ally made but a few thousandths of 
smaller than the slot it travels in, it 
soft, become roughed up by the fine 
chips, which are liable to get between 
of the slot and _ 
the stem. Con- 
sequently, it will 
be readily seen 
that in most cases 
it is advisable to 
harden the entire 
length of the 
necked portion. 

If there is 
considerable dif- 
erence between 
tile size of the 
cutting' portion 
and the shank 
of the too!, the 
cutter shoufd be 
made, if po.ssible, 
with a fillet in the 
comer, as shown al 
however, this precaution has not been taken, or it has 
not been possible to do it, a piece of iron wire may lit 
wound around, as shown at b. This wire being rtjd- 
hot when the gutter is dipi^-d in the bath, has theeilf>.i 
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Figure 88. T 8k>C cutter. 



Fillets for T slot cutters. 

ef keeping the contents of the bath away from the 
sharp comer until the larger and smaller portions of 
the mill have become hardened to a degree, thus reduc- 
ing the liabil- 
ity of cracking 
at this point. 
When the cut- 
ter has been 
heated to a low 
red, it should 
be plunged into a bath of water or brine from which 
the chill has been removed; work around well in the 
bath until it is of the same temperature as the bath, 
when it may be removed and the temper drawn. 

If it has not been possible to heat the cutter in a 
muffle or in a piece of pipe or other receptacle, it will 
be found an excellent plan to have a strong solution of 
potash and water, which should be heated quite warm. 
Before the cutter is heated, 
it may be plunged into the 
potash solution. Place it 
in the fire and heat to the 
proper hardening temper- 
ature and plunge in the 
hardening bath. The 
effect of the potash is to 
cause any thin scale of oxide which may have formed on 
the surface to drop off the instant the tool touches the 
bath. If this scale adheres to the piece, it has a tend- 
ency to rise in the form of a blister when in contact 
with a cool liquid, and consequently it keeps the con- 
tents of the bath from acting on the steel directly 
underneath. 




Figure 89. Fillets for 
T slot cutters. 
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Drawing temper of T slot cutters. 

When drawing the temper of a tool of this descrip- 
tion it is necessary, in order that the necked portion be 
as strong as possible (especially if it is slender), tii 
draw it to a purple or even a blue color, while the cut- 
ting teeth need drawing to a straw color. 

It is surprising to one not thoroughly posted in the 
effects of different degrees of heat on steel to find how 
hard a cutter of this kind may be left if it was properly 
heated when hardened. This is best seen by compar- 
ing with one that was heated a trifle too hot, yet not to 
a degree that is generally considered harmful to the 
steel. In the case of the cutter properly heated^lhat 
is, to the refining heat — it may be left when tempering 
at a faint straw color, while if given a trifle more heat, 
it is necessary to draw it to a full straw, a difference 
of 30° of heat, and a vast difference in the amoimt of 
work it will do between grindings. In order to suc- 
cessfully draw the temper, the necked portion may be 
placed in the flame of a gas jet, a Bunsen burner, the 
flame of a spirit lamp ; or, if none of these are avail- 
able, and it is necessary to use a blacksmith's forge for 
all work of this description, a piece of sheet iron having 
a hole in it may be placed over the fire. A jet of flame 
will come through the hole, which may be made to 
strike the necked portion. In this way the desired 
temper may be obtained. 



Hollo 



Mills. 



When articles having a hole running part way 
through them, as, for instance, the hollow mill shown 
in Fig. 90, are to be hardened, it is advisable to dip 



Hardening Aollow mills. 

Iiem in the bath, with the opening uppermost, as re- 
resented in Fig. 91. If the mill were dipped with the 

peeing down, it wotild be almost impossible to get 
nter to enter the hole for any considerable distance, 




Figure 90. A hollow 



R the steam generated would blow the water out. As 
a consequence, the walls of the hole would not harden, 
and the steam would in all probability cause the steel 
to crack. 

Then again, best results will follow if the frail end 
is not chilled until after the heavier, solid portions have 
contracted somewhat. If the lighter portions are chil- 
led and contracted before the heavier ones, the tend- 
ency is for the heavier parts, which are stronger than 
the lighter, to pull them into conformity with them- 
selves, and as the steel is hard and rigid, it must crack. 
While this principle is explained elsewhere in this 
work, it seems wise to show the adaptability of this 
peculiarity of steel to pieces of this description. 

When making articles having holes, as shown, if 
the piece is to be hardened, the liability of cracking 
will be lessened if the stock at the end of hole 13 left, 
as shown in Fig. 93. If, however, the piece is made 
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Tepid water for hardening hollow mills. 

with a sharp i:onier, as shown in Fif^. 93, it is ad%-isable 
to fill in this sharp corner with fire clay, or graphite, 
in order that there may be no pronounced differecce in 
the contraction of the two portions. 

When hard- 
ening pieces of 
this chaflKter, it 
is, generally 
speaking, good 
practice to use a 
bath of tepid 
water or brine. 

When it is con- 
sidered desirable 
to harden a piece 
a certain dis- 
tance, and no far- 
ther, and the fa- 
cilities for heat- 
ing do not allow 
of heating ex- 
actly the right 
distance, it is 
necessary to dip 
in the bath with 
the teeth down. 
In order to over- 
come the tendency of the steam to blow the water 
from the hole, a small vent hole is drilled through llw 
wall of the piece, as shown in Fig, 94. If this bole is 
large enough to allow the steam to escape, good Ifr 
suits will follow if a bath ia used having a jet of water 
coming up from the bottom, as, by this means, water is 




. types of hollow mills. 



forced into the hole. However, the operator should 
bear in mind that it is never good practice to have 




the hardening stop at a shoulder, either inside or out- 
side of a piece of steel. Where possible, stop the 




hardening somewhat short of the shoulder, but if 
this does not meet the requirements, harden a trifle 




beyond the shoulder. This may seem like a little 
thing to bother about, but it generally means the dif- 
ference between a good job and a poor one, and it's 



Hardening thin articles. 

nne o£ the Htt)e points that count in making a success 
ful hardener. 

Thin Articles. 

Thin articles, as screw slotting saws, metal slitting 
saws, etc., may be hardened between two plates whose 
faces are covered or rubbed with oil. If reasonable 
care is exercised in the operation, they will be very 
straight. 

It is essential, in order to get good results, to heat 
the pieces on a flat plate. They should be heated no 
hotter than is necessary to accomplish the desired result. 
When at the proper heat, the saw may be taken by a 
pair of tongs, of the form shown in Fig. 95, and placed 
on a plate whose face is covered with lard, spenn 
or raw linseed oil. The advantage derived from usiiii: 
tongs of this description is, the saw is held by the por- 
tion near the hole, rather than by the teeth, as would 
be the case if a pair of the ordinary style were used. 
In that case, the teeth grasped by the tongs would not 
be of the same temperature as the balance of the saw; 
and, as a consequence, the hardening would not be 
uniform. Another plate, whose face has been treated 
in a similar manner, may be placed on top of the s;iw 
and held there until the saw is cold. It is necessary to 



place the top plate m position as quickly as possible, 
after the saw has been placed on the lower plate. 

If the saw should become chilled before the upper 



Method of cooling flat plates, 

plate is placed on it, it will Kprinp somewhat, and the 
upper plate cannot straighten it. Should it be sprung 
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very much, the pressure applied to the upper plate 
will, in all probability, break the saw, as it would be 
hard and unyielding. 

If many pieces of the description mentioned are to 
be hardened, it is advisable, for the sake of economy, to 
make a special device for chilling the work, as when 
two plates are used, it is necessary to have the services 
of two men, one to handle the saws, and one to work 
the movable plate. If the number of pieces to be 
hardened does not warrant an expen.sive apparatus, 
two flat plates may be used, drilling two holes in each 
plate, as shown in Fig. 96. The holes in the lower 
plate shoiild be a driving size for '^ inch wire, while 
those in the upper plate should be -ys inch larger than 



Devices for hardening thin plates. 

the size of the wires. A cord shnuld be attached lo 
toe upper plate, as shown. This cord should past 
over a pulley and return to a treadle. The operator, 
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by using this device, can handle the saws and operate 
the plate very nicely. 

In Fig. 97 a device is shown for hardening thin 
pieces between plates, which consists of the base t 



And slide b, to which are attached jaws cc. Through 

*the jaws are several wires for the work to rest on when 

it is placed between the jaws. The side is operated by 

the treadle e, which is connected to the base and slide 

^ by the brackets //. The device is supported by the 

^■legs as shown. The advantage derived from using a 

^■.fixture having the jaws standing in a vertical line, as 

^1 shown, is, the piece of work is not as liable to chill while 

^B closing the jaws, as would be the case were the jaws 

^■in a horizontal position. 

^M If the work is hardened in large quantities and the 

^K jaws show a tendency to get hot, they may be cast hol- 
^■low and a water pipe connected with each, providing 
^ an outlet on the opposite side. In this way a circula- 
tion of water may be kept up through the jaws, thus 
keeping them cool at all times. In order to insure a 




■iiniform circulation of the water, it will be rscessary 
a have the inlet pipe at the lower edge, on one end of 
Ethe jaw, and the outlet pipe on the upper edge at oppo- 
«ite end. The outlet pipe should be carried far enough 
■to do away with any liability of any of the water get- 
II the siirfaces of the jaws that were to come in 
K>ntact with the pieces being hardened. 
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Cooling gun springs. 



When saws or other pieces of considerable thickness 
are hardened between plates, it is sometimes necessary 
to provide for a supply of oil aroimd the teeth when 
the plates are in position. In order to do this, it is 
necessary to use 
plates in a horizontal 
position, as shown in 
Fig. 98, having the 
lower plate resting on 
springs, or other ar- 
rangement to keep its uppi 
the oil in the pan, initil the 

The pressure applied by the upper plate must 




face above the surface of 
irk has been placed c 




submerge them in the oil in pan to a depth that 
s the teeth being well covered with oil. 



V Drawing temper of slitting saws, 

P When drawing the temper of tools of this descrip- 
tion best results can be obtained by piitting the pieces 
in a kettle of oil, gauging the heat by a thermometer. 
While the degree of heat necessary to produce the 
desired result can not be given arbitrarily, as very 
much depends on the steel used, the amount of heat 
given when hardening, and the tise to which it is to be 
piit. But ordinarily, metal slitting saws for general 
jobbing purposes should be drawn to 460 degrees. 
Screw slotting saws, iV inch thick and under, 525 de- 
grees. If thicker, do not draw as low. 

The method of hardening between plates may be 
applied to pieces having other than flat forms. Take, 
for instance, springs which, in order to maintain a 
given tension, must be of a certain shape ; for example, 
the main spring of a gun, as represented in Fig. 99. 
The form of spring is shown at a, while bb is a pair of 
plates, having their faces formed to harden the spring 
and keep it in the proper shape. It is not generally 
desirable or advisable to use a form when hardening 
springs of this character, but is sometimes necessary. 
The method and amount necessary to draw the temper 
of springs is given under Spring Tempering, and to 
avoid repetition the reader is referred to that section. 
It has seemed necessary to repeat some statements in 
order to show their different applications and to im- 
press them on the mind. 

L Screw-Drivers. 

^P There is probably no one article so generally u.scd 

^%& the screw-driver that gives so much trouble. In the 

first place, not more than one man in ten understands 

how to properly make the tool, and then but a small 

L "'J 



How to make a proper screw-driver. 

percentage of this one-tenth can harden and temper it 
properly after it is made. 

A screw-driver is better for having been forged to 
shape, provided it is forged properly ; that is, heated 
properly and hammered in a scientific manner. Unless 
one understands these operations well enough to doa 
good job, it is advisable to file or machine one from 
the bar. 

A screw-driver should be made with the end that 
enters the screw 
slot of an equal 
thickness through- 
out, and to nearly 
fill the slot. At 
times, this precau- 
tion is observed, 

and the portion lT \i 

immediately ad- " * Ti.D«rroiutdc«' 

joining is made pigurt .01. StylK of Krew-dri™ pmm. 

much heavier and 

with square comers, as shown at a. Fig. loi. Now, on 
account of the unequality of size of the adjoining por- 
tions, it is a difficult matter to harden and temper 
it uniformly throughout. Then again, the shape J4 
such that it must break where the heavy and light por- 
tions adjoin, on account of the unequal strength of 
the two portions. 

Now, a screw -driver, or any tool which must resist 
a bending or twisting strain, must be made in such a 
manner that the tension will be taken up for a con- 
siderable portion of the length of the article, thus 
doing away with a tendency to break at any one point 
In Fig. 101, b represents a screw driver made in a iimt> 
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about screw-drivers. 
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ner that apparently, according to some mechanics' 
minds, will just fill the bill. It is symmetrical, that is, 
there are no breaking points ; but look at the end that 
enters the sCrew slot — it looks more like a chisel than a 
screw-driver. Now, when pressure is applied to this 
form, it, on account of the inclined sides, 
«lips out of the slot. It will not hold, so 



■cw-driver. 



a stick or piece of iron is 

placed on top of it in the 

form of a lever, and one or 

two men hold down on the end 

of this, as shown in Fig. loz, 

and the fellow 

doing the job gets 

a wrench on, and 

yanks. Now, the 

screw-driver is 

subjected to two 
^strains instead of 
It tries to 
out of the 
I'Blot, and cannot, 

on account of the power applied above. It is ; 

subjected to torsional strain from the direct pull of 

the wrench, and it breaks. Now, if it is made of the 

form represented at c, Fig. loi, and hardened and tem- 
pered properly, there will be very little danger of it 

Jireaking from any ordinary usage. 
^L When heating for hardening, give it the lowest heat 
^Bhat will produce the desired result. Remember, hard* 
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Hardening taper mandrels. 

ness is not the desired quality ; it will not be called on to 
cut metals, it must simply resist strain or pressure, 
ccinsequeiuly toughness is the quality to be sought. 
Articles hardened in cold water do not show this 
quality to such a degree as those quenched in oil, so 
it is advisable to use oil as the cooling medium when it 
will answer. If oil will not answer, then heat the 
water. If it is a comparatively small screw-driver, 
heat the water nearly to the boiling point. The larger 
the article, the less heat it will be found necessary to 
give the water; but in no case, unless the steel is low 
in carbon and the screw-driver very large, should cold 
water be used. 

The amount necessary to draw the temper varies 
with the percentage of carbon the steel contains. If it 
is made of ordinary tool steel, it may be heated until 
hardwood sawdust catches iire from the heat in i 
steel, or until a fine shaving from a hardwood sttcn 
made by drawing the stick across the edge of the scr^ 
driver, catches fire, as noted before. When the prop< 
temper shows, it may be quenched in warm oil or h<jj 
water, never in cold water. 

While screw-drivers may seem like a small a£Fa^ 
hardly worth while thinking much about, the frequencj 
vjith which they are used and the time lost in regrini 
ing after breakage, make them quite an important toj 
in any shop. Then, too, the damaged screw 
must be counted against them. 



Taper Mandrels. 



When it is necessary to harden taper mandit 
made of tool steel, it is necessary to provide some met 
of uniformly heating the article. One end, being of I 



Hardening counterbores. 

ater diameter than the other, has a tendency to heat 
^-wer. Owing to this fact, it will be necessary to 
. slowly. When it has reached the desired heat, 
hicli should be uniform throughout, grasp by the 
md with a pair of tongs and immerse in a bath 
I water or brine, which has a jet coming up from the 
pttom. When it ceases singing, remove and plunge 
^ tank of oil, allowing it to remain until it is cooled 
I the temperature of the bath. It should then be 
heated to remove the tendency to crack from internal 



Counterbores. 



The toolmaker or designer should, when designing 
5 that are to be hardened, avoid, as far as possible, 
■p comers between portions of different sizes. If 
icounterbore is made as shown in Fig. 103, the presence 







Eof sharp comers is an invitation for the steel to crack 
from unequal contraction at these points. If the 
comers are rounded (filleted), as shown in Fig. 104, the 
tendency to crack is almost entirely eliminated. 

Many times serious trouble arises from countersink- 
ing center holes too deeply in articles that are to be 
hardened. Fiji. i°4 represents a sectional view of 
countersinking in pilot, which is deep enough for all 



Proper temper for counterbores. 

practical purposes, white in Fig. 103, the couiitersink- 
ing is so deep that there would be a great tendency to 
crack when hardening. When articles of this de- 
scription are countersunk too deeply, it is advisable tn 
fill the hole with fire-clay before placing it in the fire. 
This plan, of course, would not work satisfactorily in 
the case of mandrels, arbors, and similar tools, whose 
centers must be hard in order to resist wear. 

Heat to the lowest uniform red that will cause the 
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Figu., 



article to harden, dip in a bath of lukewarm brine, 
hardening part way up the portion necked below size 
of shank. 

When drawing the temper of counterbores, apply 
the heat at shank end, allowing it to run toward the 
cutting end of teeth. 

The proper amount to draw the temper depends on 
the character of the work to be done, the design of the 
counterbore, etc. It was formerly the custom to draw 
the temper to a degree that made it possible to sharpen 
the cutting edges by filing with a sharp, smooth-cut 
file. If the counterbore is made of the design shown 
in Fig. 104, it may be sharpened by grinding on the 
face (a) of cutting tooth with an emery wheel, thus | 
making it practical to leave the tool much harder than 
would otherwise be the case. 

A very common mistake when making tools of this 
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■ rlardening mandrels, arbors, etc 

BescTJption is to stamp any distinguishing marks on the 
fcol when iinished, thereby springing it; and unless 
piis fact is noticed, the hardener will be blamed for it, 
wiU siamfiing- sAou/d be done before the important portions 
mre to size. 

[ When hardening counterbores having inserted pi- 
Qots, it is advisable to fill the pilot hole with fire-clay, in 
[order to prevent the water entering. If the design is 
Bmch that the tool is liable to crack when quenched, it 
Wiould be dipped in the bath with the teeth iippermost. 
The contents of the bath should be warmed to reduce 
the liability of cracking. 

Hardening Mandrels, Arbors, Etc. 

Mandrels, arbors, and similar articles, which are to 
be hardened, are generally made of any piece of tool 
steel which comes handy. Now, it is a fact that tools 
of this description give a great deal of trouble when 
hardened, unless the operator is quite skillful. As the 
only reason for hardening a mandrel is to give it a hard 
surface and make it as stiff as possible, the desired 
result may be obtained by using a steel that is not high 
in carbon. Take, for instance, a steel containing % 
per cent, or one per cent, carbon. As good results can 
be obtained as if a steel containing i ^ per cent, carbon 

e used, while the article would not be as liable to 
Icrack or spring as if a high carbon were used. 

When making articles of this description, steel 
somewhat larger than finish size should be selected. 
The outside should be turned off and the piece annealed. 
After annealing, it may be machined to grinding size 
and then hardened. 

When hardening, a fire large enough to heat the 
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Caution about small fire. 



piece uniformly should be used, and the piece tu; 
frequently to insure good results. A mistake s< 
times made in heating pieces of this description 
sists in using a fire too small to accomplish the desin 
result. One end and the center is heated, the end is 
reversed and the opposite end is heated. The first 
end, in the meantime, has cooled to a degree that 
makes it unsafe to quench the piece in the bath. So 
the second end is heated hotter than it should be, with 
the idea in view that the piece will again be reversed 
and the over-heated end will cool to the proper harden- 
ing heat, while the temperature of the opposite end is 
being raised to the desired heat. When it is taken 
from the fire, it is in the worst possible condition to 
harden; the center is too hot, one end is apparently 
about the right temperature, but the interior is not hot 
enough. The opposite end is possibly at about the 
right heat, but the interior is too hot. In this condi- 
tion it is immersed in the bath and violent strains are 
set up, which result in the piece being cracked or 
sprung out of shape. Now, this is not at all right, yet 
it is so commonly practiced that the writer feels it 
necessary to caution the reader against a practice whiclt 
is so radically wrong. 

If obliged to use an ordinary forge, bnild a fire 
large and high enough so the piece may be uniformly 
heated ; turn frequently ; keep the piece well buried in 
the fire to prevent oxidation of the surface. When the 
steel reaches a low red heat, take it from the fire, 
sprinkle some pulverized cyanide of potassium on the 
surface. Place in the fire and bring to a -uniform red 
heat, which must be a trifle higher than if there were 
teeth or projections on the surface, as, these being light, 



W Mandrel centers must be very hard. 

Bpuld cool more quickly than a solid piece. If possi- 
Be, use a bath having a jet of liquid coming up from 
^fte bottom. If it is a mandrel, it should be grasped 
^Br one of the ends with a pair of tongs of the descrip- 
^BDn shown in Fig. 86. This insures hardening the 
Hbdy of the mandrel, and also allows the contents of the 
Batli to have free access to the upper center, which 
■rould not be the case if a pair of tongs of the ordinary 
Ble script ion were used. 

B It is essential that the centers of a mandrel be very 
Blard. For this reason a method of quenching in the 
Riath should be used that insures the centers in both 
^blds hardening'. 

■ If it is considered best to draw the temper of the 
^■tids in order to avoid the comers chipping or the ends 
^preaking, it is not advisable to make them as soft as 
the dead center of the lathe, which is usually drawn to 
very deep straw or brown color. The object attained 
in having the ends of a mandrel harder than the lathe 
center is that in case of wear, the center, being the 
lofter of the two, will probably wear rather than the 
[centers of the mandrel. 

The piece should be worked up and down in the 
ft)ath until it is of the same temperature as the contents 
tof the bath, when it may be removed and heated some- 
Sriiat to overcome the tendency to crack from internal 
It should be held in a vertical position when 
Siipping, in order to avoid springing. 

Better results will follow if the piece is placed in a 
Ipiece of pipe or tube when heating. 

A very excellent method consists in placing the 
article in a piece of gas pipe, which is closed at one 
end. The hole in the pipe should be about one inch 
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Hardening grooved rolJs. 

larger in diameter than the piece tu be hardened. Fill 
around it with graniilatetl charred leather, having the 
mandrel in the center of the hole in the pipe, and the 
ends should not be within )4 inch of the ends of the 
pipe. Fill the pipe with the charred leather; place a 
loose-fitting piece of iron in the open end of pipe, and 
seal with fire-clay. When this is dry, the pipe may be 
placed in the fire and remain until the article is uni- 
formly heated tu the proper temperature, when it may 
be taken from the pipe and quenched, as described. 

Still better results may be obtained if the piece is 
kept at a low red heat for a period of several hours, 
the time depending on the size of the piece. If }4 inch 
diameter or under, i }4 hours will be found sufficient 
If larger, run correspondingly longer. When it has 
run sufficiently long, the piece may be removed from 
the tube, grasped by the tongs, as shown, and plunged 
in a hath of raw linseed oil, working up and down 
rapidly in the bath. This method receives furtl 
consideration in section on Pack Hardening. 



Hardening Grooved Rolls. 
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When grooved rolls or similar articles are to be 
hardened, it is necessary to heat very uniformly. The 
projections, as shown in Fig. 105, have a tendency to 
heat faster than the balance of the roll. Should they 
become hotter, the projections will be very liable to 
crack or break off when quenched. As it is necessary 
to heat slowly in order to get uniform heats, the piece 
would be liable to oxidation on its outer surface, which 
is exposed to action of the products of combustion in 



Cooling 111 vertical position, 

the fire and the air. if heated in an open fire. If small, 
it may be heated in a tube; if too large for this, it may 
be covered with tne carbonaceous paste described in 
section on Methods of Heating. When the article has 




Figure 105. A gronvtd roll. 

reached the desired uniform heat, it should be plunged 
in the bath in a vertical position. On account of the 
peculiar shape of the piece and the tendency of the 
Bteam generated, the contents of the bath should be 
agitated from the outside toward the center of the bath. 

A method that gives very excellent results when 
hardening articles of this description is to use a bath 
having pipes coming up at the sides of the tank, as 
shown in Fig. io6. There should be a sufficient number 
of openings in these pipes to supply a generous quantity 
of water in order to produce the desired result. The 
water should be under sufficient pressure to project the 
contents of the bath against the piece being hardened, 
with enough force to drive the steam away, so the 
water can readily come in contact with the heated 
surface. 

If the pieces are short and not too large, they may 
be heatrd in red-hot cyanide, dipping in a bath of the 
form described 

If it is not necessary to harden very deeply, the 



Hardening bath for grooved rolls. 

article may he removed from the bath when hardeo 
sufficiently and placed in a tank of oil, leaving themfl 
the oil until the steel is uniformly cooled to the tej 




perature of the oil. It is extremely important when 
hardening pieces of this description that they be 
reheated as soon as possible after removing from the 
bath to overcome the tendency to crack from internal 
strains. The longer they remain under strain, the 



Hardening the walls of holesi 



sore likely they are to crack later without any apparent 
Huse. Everj' mechanic can recall cases of this kind. 



Hardening the Walls of Holes. 

A peculiarity of a cylindrical piece of steel is that, 
'hen hardened, it is liable to become oval in shape, 
is especially true of pieces having holes running 

through their centers, as shown in Fig. 107. When it 
is possible, or is 
considered advis- 
able to grind the 
piece inside and 
outside after hard- 
ening, the amount 
it goes out of shape 

need not in any way interfere with the utility of the 

tool, provided there has been a sufficient allowance of 

stock made for grmdmg 
If, however, there 

is no means at hand 

for grinding the piece 

after hardening it be 

comes necesisary to 

harden in a manner 

that does a«ay with 

the tendency of the 

piece going out of 

shape or the hole con 

tracting very appreciably. This may be accomplished 
I in the case of such articles as ring gauges, reducing 



Figure 107. K«e with hole through 





Figure loS. Gauge with hole 
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tv to "season" for 



year. 



dies, and any tools which do not require hardening 
on their outer circumference, if proper care is taken. 

When gauges of this description (as shown in Fig. 
108) are hardened hy the ordinary methods, it is neces- 
sary to rough-grind them to within a few thousandths 
of an inch of finish size and 
lay them away to "seasi 

After laying for 
a few months or a year, they 
are finished to size by grind- 
ing and lapping. It is not 
necessary to observe this 
precaution except in the case 
of gangeb that are to be used 
m makmg very accurate meas- 
urements. 

No\\ It is not always de- 
sirable to wait a 
year after a piece 
of work is hard- 
ened before 
grinding to size 
and using. In 
order to over- 
come the tend- 
ency of altera- 
tion of sizes and 
shapes as the piece ages, it may be hardened in a 
manner that gives the walls of the hole sufficient 
hardness to resist wear, yet leaving the circumfer- 
ence soft. This can be accomplished by heating 
the piece very carefully to the required heat and 
placing in a hole a trifle larger than the outside of the 




How to dose a worn die. 



P'piece. Now place a piece of metal having a hole some* 
what larger than the hole in the gauge on top of the 
piece, as shown in Fig. 109. A stream of water may 
now be tnmed on in such a manner as to readily pass 
through the hole, thus cooling the walls and hardening 
them. The balance of the stock, being protected, does 
not harden. The walls of the hole being hard and in- 
flexible do not yield as the piece grows cold. And as 
the outside portion of the piece is hot and yielding, it 
does not necessarily contract in the direction of the 
hole, thus reducing the tendency of alteration of size 
of the hole. 

Dies used for re- 
ducing the size of 
gun cartridges. Fig. 
no, and similar 
pieces, are hardened 
by this method, and 
give excellent re- 
sults, because the 
outside, being soft, 
will have no tend- 
ency to break from the pressure exerted when the 
die is in use. 

As there is very little tendency of alteration of size 
,taid shape of the hole, it can be lapped to size without 
igrinding. In case it is not to be ground, there need 
tbe but a small allowance for lapping, provided the hole 
s smooth and straight. 

As is customary when dies of this description be- 

e worn, they may be closed by heating red-hot and 

leing driven into a taper hole. This diminishes the size 

fthehole in the die, which may then be reamed to size 




Hardening where holes are near edge. 

and rehardened. In order to get good results, it is ad- 
visable to anneal the steel after ciosing in, or the mole- 
cules of steel will not assume their proper relations 
when hardened. 



Articles with Holes Near One Edge. 




When hardening articles having holes near the edge, 
extreme care must be observed, as the unequal con- 
traction occasioned by the form of the piece will make 
it very liable to crack. A piece of the form shown in 
Fig. 1 1 1, represents an 
example of the form 
mentioned. While 
such a piece could be 
hardened by the pack- 
hardening process 
with no liability of its 
cracking if it were 
quenched in a bath of 

Fig«« ,11. Pi.« «ith hoi, I,™ edge. ^y_ jj ^^^^^ ^^^ ^j^^y^ 

be considered advisable to use this method, ; 
comes necessary to heat the article in some form of fiij 
and quench in water. 

The piece should be heated very carefully and j 
hotter than is necessary to accomplish the desired S 
suit. It will be necessary to use the utmost care i? 
heating, because if the thin portion of stock between 
the hole and the circumference of the ring were heated 
any hotter than the balance of the piece, it won] " 
surely crack at this point. 

When dipping in the bath, the heavy portion shoi^ 



How to cool pieces with holes near edge. 

enter the bath first, the thin portion should be upper- 
most in order that it may enter last. 

If it is not essential that the walls of the hole be 
hard, it may be filled with fire clay, previous to placing 
in the fire. If treated according to this method, the 
danger of cracking is reduced to the minimum. 

A method employed very successfully in some shops 
when hardening articles of this description, consists in 

Figure 112. Method for 

holding piece with 

hole near edge. 




bending a piece of wire in the form of a hook. This 
hook is heated red hot on the bent end, and when the 
article is at a uniform heat, the red hot end of the hook 
is inserted in the hole near the edge, as shown in 
Fig. 112, and the article immersed in the bath. The 
heavy portion will, of course, enter the bath first, the 
wire being red-hot will prevent the thin portion cooling 
as rapidly as it otherwise would. The size of the wire 
must be determined experimentally; that is, if many 
pieces are to be hardened, the size of wire that gives 
best results should be used, but in no case should it 
fill the hole when the pieces are cold. 

The bath should be warmed somewhat in order to 
reduce liability of cracking. 

Wood -Working Tools. 

There are many methods used in hardening tools 
used for cutting wood, the different methods varying 
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Hardening wood-working tools. 

according' to the nature of the steel used and the use lo 
which the tool is to be put when finished. The more 
common method is to heat in an open fire and plunge 
in water, drawing the temper until the brittlenesa is 
reduced to a point that makes it possible for the tool 
to stand up when in use. By this method, it is neces- 
sary to draw the temper quite low in order to get a de- 
gree of toughness that enables the tool to stand up well. 

A method that is practiced in many shops is to heat 
in a muffle furnace or in a tube, hardening in a bath 
of water having oil on its surface, as shown in Fig. 82, 
the depth of oil depending on the desired amount of 
hardness. Some hardeners claim to be able to gauge 
the amount of hardness by the depth of oil to a nicety, 
that makes it unnecessary to draw the temper after 
hardening. The writer cannot vouch for this claim, 
as he has never seen it done when hardening wood- 
working tools, but has been able to accomplish it when 
certain kinds of iron-working tools were hardened. 

Another method consists in heating the tool in a 
crucible of red-hot lead, or in a crucible of red-hot 
cyanide of potassium, dipping in a bath of oil, to which 
has been added a quantity of alum. The exact amount 
cannot be stated, as he has found it to vary when 
applied to hardening steels of various percentages of 
carbon. The use to which the tool is to be put when 
hardened, has a great deal to do with the composition 
of the bath. 

As brittleness is nol a desirable quality in wood- 
working tools, itisnecessary to harden in a manner that 
insures toughness in the hardened product. For this 
reason it is not advisable to use a bath of cold liquid 
of any kind. 



^F Mixture for hardening wood-working tools. 

■^ If the cutters are light on the cutting portions, the 
bath may be heated considerably, the temperature de- 
pending on the shape and size of the tool and the steel 
used in its construction. 

Various animal or vegetable oils are used for quench- 
ing tools of this description, either separately or mixed 
with varying proportions of tallow. Melted tallow is 
many times used with success, heated to a temperature 
that gives good results when applied to the individual 
piece of work. The amount necessary to draw the 
temper depends on circumstances and can not be arbi- 
trarily stated, but it is generally found to be between 
a brown and a dark blue color. 

A method employed in some shops when hardening 
wood cutting tools consists in heating to a low red 
and plunging in a mixture of molten lead and tin in 
the following proportions : Lead, 7 parts ; tin, 4 parts, 
which melts at about 440° Pahr. 

The cutters are heated to a low red and plunged in 
this mixture at the temperature mentioned, allowed to 
cool for a short time, then removed and cooled in water. 
They will be found to be exceedingly tough, and capa- 
ble of holding their edge in a satisfactory manner. 

Unless this method is used in a painstaking manner, 
it had better not be tried, as anything but satisfactory 
results will follow. 

If many cutters are to be hardened, it will be found 
necessary to gauge the heat of the bath by use of a 
^^^erm o m et e r . 

H^ Fixtures for Use in Hardening. 

^^L In order to attain certain results, it is necessary at 
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iiple of hardening fixtures. 



fixtures are designed to protect certain portions of the 
piece of work from the action of the contents of the 
bath. 

The writer was at one time in charge of work iha 
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shop manutacturing bicycles. In order to accomplisli 
a desired object, the axle cones, which had formerly 
been made of machinery steel, were made from a high 
grade of tool steel. The front axle cone was of the 




shape shown in Fig, 113. It was necessary to hai 
the beveled portion extremely hard, in order to r 
wear. It was found very difficult to harden this 
portion without hardening the flange. If this were 
hardened, it showed a tendency to break when in t 
wheel, as it was very thin. 

In. order to harden the bevel and leave the flani 




:nesis of pack hardening^ 

It, a fixture was made, as shown in Fig. 114. The 
ne was heated in a crucible of red-hot lead. When 

it reached the desired temperature, the cover of the 

"fixture was raised and the cone taken from the lead by 
means of a wire hook made for the purpose. It 
was placed in the fixture, as shown, the cover lowered, 
and the fixture immersed in a bath of water, working 
it around well until the cone was cold, when the fixture 
Was inverted over a tank of boiling water, and the cone 
dropping into this and remained until a sufficient 
quantity was in the catch pan, Fig, 45, to warrant 
emptying it. This tank was found very valuable, as 
it furnished a means whereby the strains incident to 

hardening could be removed, and at the same time the 

temper was drawn sufficiently. 
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Pack Hardening. 



When articles which are small or thin are heated to 
a red and plunged in oil, they become hard enough for 
most purposes, but not as hard as if immersed in water. 
Articles hardened in oil seldom crack from the effects 
of cooling, as the heat is not absorbed as quickly as if 
water were used, neither are they as likely to spring. 

The fact that articles quenched in oil showed no 
tendency to crack, and very little liability to spring, 
has led the writer to make exhaustive experiments in 
perfecting a method whereby articles which gave 
trouble when hardened by ordinary nietliods might be 



AhouC boxes for pack hardening. 

steel, has the effect of making it extremely brittle, 
processes the steel maker puts the steel through ii; 
order to remove injurious impurities is one reason m 
its high cost as compared with the ordinary cheap 
grades of steel. The lower the percentage of phu^- 
phorus, the more carbon it is safe to have in the stee!. 
so it will readily be seen that any process which resuli- 
in an addition of this harmful impurity should never 
be used. The writer has iised a mixture of equal pan-^. 
by measure, of granulated charcoal and granulauL-:' 
charred leather in most of his work for the past nine ■ 
ten years with the best results ; although in exception., 
cases, where extreme hardness was desired, charri. 
leather alone was used. 

The work is packed in a hardening box. This b' . 
may be either wrought iron or cast iron. Best resulu 
are claimed by some when wrought iron boxes are used. 
But the writer has never in practice been able to notice 
any difference, so te has used cast iron boxes altogether 
for the past eight years, as they are cheaper and more 
readily obtained. The work should be placed in tlie 
box in a manner that does not allow any of the pieces 
to come within i J^ inches of the bottom or top of the 
box, or within i J4 to i ^ inches of the sides or ends, f'>; 
two reasons. If they are placed too near the walls oi 
the box, they are affected by every change of tempera- 
ture in the furnace. Then again, cast iron has a great 
affinity for carbon, and will extract it from a piece of 
tool steel if it comes in contact with it. If one end of 
an article, packed as described, comes in contact with 
the walls of the box, the piece will not harden at that 
point, or, if it does, it will not be as hard as the balance 
of the piece. And, as a chain is no stronger than its 



Never use bone in pack hardening. 



rarbon to harden in a satisfactory manner and accom- 
plish the resnlts intended when the tool is made. To 
make steel with a higher percentage of this hardening 
clement, and put it on the market, would be folly, as 
■the average man hardening steel would treat it the 
same as the ordinary tempers are treated, with the re- 
sult that the tools made from it would be ruined when 
hardened. 

Now, tool steel may be treated with carbonaceous 
materials when red-hot, with the result that the sur- 
faces will be extremely hard if the article is quenched 
in oil. The depth of the hardened surface depends on 
the length of time the article is subjected to the car- 
bonizing element. In order to accomplish the desired 
result, the piece of work must be packed in a hardening 
box with the carbonaceous material; the top must he 
closed with a cover slightly smaller than the opening 
in the box, and the space between the cover and sides 
of the box covered with fire-clay. This operation is 
familiarly known as sealing. Sealing the box has the 
effect of preventing the gases escaping. It also pre- 
vents the direct heat of the fire from entering the box, 
as that would be very injurious to the steel. Then 
again, the oxygen in the air is excluded from the box, 
or, if present in a degree, does not oxydize the surface 
of the piece, as it is taken up by the packing materials 
in the box. 

It is very necessary when charging steel by the 
process under consideration, that a carbonizing ma- 
terial be used which contains no elements injurious to 
tool steel. For this reason no form of bone should 
ever be used, as bone contains a very high percentage 
of phosphorus, and phosphorus, when present in tool 



Pack boxes with similar articles. 

tbat the operator may readily see them when removing 

the articles from the box. If several rows of work are 

placed in the box, it is necessary to place the wires in 

a manner that allows the difEerent rows to be readily 

distinguished. As it is necessary to draw the pieces on 

the top row first, each succeeding row should be drawn 

in its order, because if an article were drawn from the 

bottom row first, it would probably draw one or more 

of the pieces located above along with it. As a conse- 

quence they 

would lay on 

the top of the 

box exposed to 

the action of the 

air, and would 

cool perceptibly 

while the first 

piece was being i ■ . > 

quenched in the 

bath. For this reason it is advisable to draw t!ie 

pieces in the top row iirst, as described. 

As the length of time a piece of steel is exposed to 
the carbonaceous packing material after it is red-hot 
determines the depth of hardening, articles packed in 
a box should all be of a character that need carbonizmg 
alike, or some pieces will not receive a sufficient depth 
of carbonizing and others will receive too much. Know- 
ing this, one may select the articles accordingly, pack- 
ing those requiring charging for one hour in one box, 
those requiring two hours in another, and so on. A 
little experience will teach one the proper length of 
time to give a tool of a certain size to accomplish a 
given result. 



IJuxes tor pack hardening. 

Attention must be paid to the shape of the piece 
Irhen packing in the box. If it is long and slender, it 
^onld not be packed in such a manner that it will be 
K;essary to draw it through the packing material, as 
in Fig. 115, or it will surely spring from doing 
to, it being red-hot, and consequently easily bent. If 
fcut a few pieces of this character are to be hardened, 
it would not be advisable to procure a box especially 
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adapted to it. In that case the articles could be packed 
two or three in a box. When they have run the proper 
length of time, the box should be removed from the 
furnace, turned bottom side up on the floor, provided 
the floor is of some material that will not catch fire. 
The piece of work may be pulled out lengthwise from 
the mass, and in that way all danger of springing is 
done away with. 

If, however, quite a number of pieces are to be 
■dened, it is advisable to procure a box adapted to 
Kieces of this description. This may be done by adopt- 
blg a design opening at the end, as shown in Fig. 11 5. 
iis may stand on end with the opening uppermost 
hrhile packing the pieces. If a furnace of the design 



How to tell when heated, 

shown in Fig. 1 1 7 is available, it should be used, as the 
box can stand on end. If this form of furnace is not 
at hand, the box may be placed on its side in any fur- 
nace large enough to receive it. If necessary to use a 
furnace where the box must lay on its side, it will be 
advisable to provide some way of fastening the cover 
in place. This may be done 
by drilling a ^4 inch hole on 
opposite sides of the box and 
running a rod at least xe ^^ 
an inch smaller than the hole 
across the face of the cover. 
Fig. 118, before sealing with 
fire-clay. This rod can easily 
be removed when the articles 
are ready for immersion in 
the bath. 

In order that the exact 
tim^ at which the work be- 
comes red-hot may be ascer- 
tained, it will be necessary 
to use test wires. Several j^ 
inch holes may be drilled 
near the center of the 
cover, a -jV inch wire 
run through each of 
these holes to the bot- 
tom of the box, as 
vshown in Fig. 26. When 
the work has been in 
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Figure 117. Furnace for use in 
pack hardening. 



the furnace for a sufficient length of time to become 
heated through, according to the judgment of the 
operator, one of the test wires may be drawn and its 
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The length of time work should be run. 

"condition noted. If it shows red-hot the entire length, 
note the time. If not, wait a few minutes (say, 15 
minutes) and draw another wire. When one is drawn 
that shows the proper temperature, time from this. 

The length of time the pieces should be run cannot 
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he stated arbitrarily, as the character of the work to be 
<lone by the tool must, in a measure, determine this. 
However, if the pieces are }4 inch diameter, and are to 
cut a soft grade of machinery steel, one hour may be 
found sufficient. If a harder surface is required, it is 
necessary to run somewhat longer (say, 1% hours). 
"When the work has run the required length of time, the 
bos may be removed, the cover taken off, and the ar- 
ticles taken out one at a time and dipped in a bath of 
raw linseed oil. When the articles are long, it is ad- 
visable, if possible, to use a bath having a perforated 
pipe extending up two opposite sides of the tank, as 
shown in Fig. 119. A pump should be connected with 
the oil in the bath, pumping it throiigh a coil of pipe 
in a tank of water and forcing back into the tub through 
the upright perforated pipes shown. This method 
insures evenly hardened surfaces, as the jets of oil 
forced against the sides of the article drive the vapors 
away from the piece, thus insuring its hardening. It 
is necessary to move the work up and down and to turn 
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to treiit milling cutters. 



it quarter way around uccasiunally in order to present 
all sides to the action of the oil. 

When milling machine cutters, or similar tools 
having projections, are to be hardened by this method, 
they should be packed in the box, using the packing 




material mentioned. Previous to placing the cutters 
in the haTxlening box, a piece of iron binding-wire should 
be attached to each cutter and allowed to project over 
the edge of the box. Test wires should be run down 
through the holes in the cover, as shown in Fig, i6 
The length of time the cutters should nm is determin- 
ed by the character of the work they are to do ; but for 
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Milling cutters needing no tempering, 

ferdinary milling, a cutter 3 incbes diameter, it of the 
' ordinary design, should run about 3 hours. 

If the teeth are heavj',of the style known as form- 
ed mills, Fig. 12Q, they should be run 4 hours after they 
are red-hot. When the box is removed from the fur- 
nace, the ciitters may be removed one at a time, placed 
oa a bent wire of the form shown in Fifj. 81, and im- 
mersed in the oil, working them around well until all 
trace of red has disappeared, when they may be dropped 
to the bottom of the bath and left until cold. 

A milling machine cutter of the form shown in Fig. 
1 20 will not as a rule require tem- 
pering. The teeth may be left 
as hard as they come from the 
bath, but those of the ordinary 
form of tooth should have the tem- 
per drawn. This may be done by 
the method described under Hard- 
^-pning and Tempering Milling 
Bpiachine Cutters, or, if there are 
^Eiany cutters, a saving of time 
^^ill result if the articles are '^"i ''°' """ 

placed in a kettle of oil and the 

temperature gauged by a thermometer, drawing them 
^$0 430 degrees. 

Punch press blanking dies give excellent satisfac- 

Kon if hardened in this manner. The die is packed in 

^box. Test wires are run down through the opening 

E die to the bottom of the box. When drawing the 

res to test the heat, do not draw them way through 

e cover. After observing the heat, place the wire 

UA. in its original position. A wire can be raised from 

toe to time, the amount of heat observed and the wire 
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Treatment of blanking dies. 

returned. In this way the operator can tell from time to 
time the exact temperature of the piece being heated, 
and as the same laws governing the heating of steel in 
the open fire apply when heating to harden by this 
method, it is advisable to keep the heats as low as pos- 
sible; for steel treated by this method will harden in 
oil at a lower heat than if treated in the ordinary way 
and hardened in water. 

Blanking dies for the class of work usually done 
on punch presses (if they are i inch to i ',4 inches thi( 




should run about foiir hours after they are red-hot. 
At the expiration of that time the box may be removed 
from the frimace, the die grasped by one end with a 
pair of tongs and immersed endwise down into a bath 
of raw linseed oil. It is a good plan to have the bath 
rigged as shown in Fig. 121. A pipe is connected with 
the tank near the top, and rims in a coil through a tank 
of water. A pump draws the oil from the tank through 
the coil, and forces it back into the bath, as represented. 
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Handling of dies and taps. 



'he inlet pipe may be so situated as to cause the ui! to 

ciTcnlate witb considerable force through the bath. This, 

striking the face 

Mpf the die, passes 

ith rough the 



po means are pro- 
vided for the cir- 
culation of the 
the die may 
swung back 
jid forth in the 
fcil, and it will 
larden in a satis- 
ictory manner. 
Forming and 
lending dies, if 
"hardened by this 
method, must be run longer, and heated i 
hotter, yet not hot enough to injure the steel. 

Lck hardening fur- 
hes a method 
reby taps may be 
hardened without 
altering the pitch very 
perceptibly; neither 
will the diametrical 
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changed, provided the 
■king out to shape, and 
made exceedingly hard 



Pack hardening for 



gauge; 



Hiameter should be run about two hours. It should 
he worked around rapidly in the bath, in order that the 
teeth may be hardened. For general machine shop 
work, taps do not require the temper drawn as low 
as if they were hardened by heating red-hot and 
plunging in water. Generally speaking, 430 degrees 
(a faint straw color) is sufficient, provided a low heat 
was maintained in the furnace. 

This is an ideal method of hardening gauges and 
similar work, as the liability of cracking is eliminated 
and the danger of springing is reduced to the minimuuL 
If the gauge is of the plug or ring form, it is not neces- 
sary to allow as great an amount for grinding as would 
otherwise be the case, as there is little danger of 
springing, 

When hardening snap gauges, especially if they 
are long, it is advi.'^able to pack as represented in Fig. 
laz, provided a box deep enough is at hand. If obliged 
to pack in a box so that the gauges lay lengthwise in 
the box, they should be so placed as to have the edges 
up and down, as shown in Fig, 123, thus doing away 
with the tendency to spring when they are drawn 
through the packing material. 

Articles of a form which betokens trouble when 
hardening can, if proper precautions are takai, be 
hardened by this method in a very satisfactory manner. 
Take, for in.stance, the shaft shown in Fig. 1 34. This 
was made of Jti percent, carbon crucible steel, and turned 
within a few thousandths of an inch of finish size. It 
was packed in a mixture of charred leather and char- 
coal, and subjected to heat for i|^ hours after it was 
red-hot. It was then dipped in a bath of raw lin.seed 
oil, heated to a temperature of 90°, It was found 



Treating difficult subjects, 
being tested between centers to 



nearly 



2 designer does not always take into consideration 
s difficulties wbicb may be encountered when a piece 
f irregular contour is hardened, consequently we some- 
s run across articles which call for serious study 
'on the part of the hardener when the article reaches 
Then again, such articles are many times made 



'of a high carbon loo! steel, when alow grade steel would 

ver the purpose as well, and not cause nearly as 
much trouble. 

At one time the writer was called to a shop where 
they were experiencing all kinds of trouble in an attempt 
to harden a gauge of the description shown in Fig. 125. 
As it was not practical to grind the interior of this gauge 
ftith a grinding machine, it was necessary that it should 
retain its shape when hardened. In order to accom- 
plish this, the gauge was surrounded with a mixture of 
fire-clay, to which was added sufficient hair (obtained 

1 a plasterer) to hold it together. It was moistened 
Rrith waterto the consistency of dough. The hole in the 
jfaugewas filled with finely granulated charred leather. 

It was then placed in a small hardening box, in the 
bottom of which was placed 2 inches of granulated wood 
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the "teaser" was hardened. 



charcoal. The box was filled with charcoal, the ci>T| 
placed in position, and sealed with lire-clay. 

The box was subjected to heat for one hour a 
the conir-nt^ ^vcro red-hot, this being ascertained ^ 
mean ' ires, as described. The gauge w; 

then taken from 
the box, the leather 
removed from the 
hole, and a jet of 
raw linseed oil 




forced through the hole until the piece had cooled off. 
The walls of the hole were very hard, and the gauge 
was found by test to have retained its shape. The 
coating of fire-clay prevented the exterior hardening 
of the piece, thereby eliminating the tendency to 
spring or go out of shape. The walls of the hole, 
hardening _/f^j/, retained their shape, and the balance, 
being red-hot, conformed to this portion. 

While it would be impossible to enumerate the 
various articles of irregular contour that may be hard- 
ened by applying this principle — namel}-, protecting 
the portions that do not require hardening, by the use 
of a mixture of fire-clay and water, adding sufficient 
hair to hold it together — it can safely be said that many 
thousand dollars' worth of tools are ruined annually, 
which might have been saved had this precaution been' 
observed. 



Pack hardening for mandrels and arbors. 

As this process of charging the surface of the steel 
with carbon is aprocess of cementation, it is necessarily 
slow. When extremely high carbon steel is used in 
making tools, it is considered advisable by some to use 
lioof s and boms as packing material rather than leather. 
At times it is not considered desirable to subject 
the articles to heat for so great a length of time. In 
such cases it is necessary to treat the surfaces to be 
hardened with some material that will act more quickly 
than charred leather. In fact, at times it is necessary 
to prevent any portion other than the ones to be hard- 
ened from becoming red-hot. 

This can be effected by covering the parts with the 
fire-clay mixture to a considerable depth, applying heat 
to the portions that need hardening. When it is not 
desirable to subject the article to heat for a length of 
time sufficient to charge the steel with the necessary 
amount of carbon to cause it to harden (if it was to be 
carbonized by means of charred leather), excellent re- 
sults may be had by the use of a mixture of 5 parts of 
rye flour, 5 parts table salt, 2 parts yellow prussiate of 
potash, filling the bole or covering the portions to be 
hardened with this. 

Mandrels, or any form of arbor which it is consid- 
ered advisable to harden, will harden in a more satis- 
factory manner by this method than by any that has 
come to the writer's notice. If the article is long and 
slender, do not pack in the box in such a manner that 
they will spring when drawn out; but if the shape of 
the box is such that this cannot be avoided, the box 
may be turned bottom side up on the floor when the 
fides are ready for hardening,as previously explained. 
i however, the mandrels are made of the proportions 




How to dip mandrels and arbors, 

usually observed when making' for g'eneral shop 
there is very little liability of springing: when drai 
them through the packing material. The mandrel 
be wired as represented in Fig. 126, or 
be grasped with a pair of tongs of a for 
allows the contents of the bath to have 
ai:cess to the end of piece; but as tongs 
form are not in general use, the wires will 
answer unless the pieces are very heavy. In 
this case it is advisable to procure tongs ut 
a suitable shape rather than to have an un 
satisfactory article when it is finished. As 
stated under Examples of Hardening, it is 
never advisable to hold a mandrel with any 
form of tongs that in any way interfere with 
the hardening of the walls of centers in the 
ends of a mandrel. 

If the work is wired, it should be done 

in a manner that makes it possible to dip 

the mandrel in the bath in a vertical position, 

to avoid any tendency to .spring. The wires 

may be grasped by means of tongs which 

close together very nicely, as shown in Fig. 

|T 126, in order that they may not lose their 

^ — Ki^'P ^'^^ the piece fall to the bottom of the 

Figure ii6. hath before the red had disappeared from 

. ."","', the surface. It should be worked up and 
dip in bath. '^ 

down in the oil until all trace of red has 

disappeared, when it may be lowered to the bottom 

and left until cooled to the temperature of the bath. 

Circular forming tool.s, especially those having 

long, slender projections and .sharp corners, as shown 

in Fig. 127, are safely hardened by this process, as they 






Stay-bolt taps and the like. 

be given any degree of haydness desirable willioiit, 
iing them brittle. Being solid in furm, they must 
teated for a longer period of time than if there were 
h on the surface — as a milling machine cutter. As 
i other cutting tools, the length of time a tool of 
form should be subjected to heat depends on the 
nature of work to 
be performed by 
it. A tool 4 inches 
in diameter and 2 
inches wide for 
ordinary work 
.shonld run about 
4 hours after it is 
red-hot. If there 
are .slender projec- 
IG from the face of the tool, it will be found 
to draw the temper somewhat ; but as a rule 
Jiould not be drawn as low as if it were hard- 
i by the methods ordinarily employed. 

EThe writer has in mind a forming tool of the 
e general outline as the one represented in Fig. 127, 
hich gave excellent results when drawn 10350 degrees 
ter hardening by the method under consideration. 
.was hard enough to stand up in good shape, and yet 
;h enough to stand very severe usage. 
If the formed surface is of a shape that insures 
that is, if there are no projections— the cut- 
lould be left as hard as when it comes from the 




■ Stay-bolt taps and similar tools may be packed in 
box of the proper shape and run for a length of time, 
spending on the size of the piece. They should then 
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Precautions to be taken on large work. 



be taken one at a time and immersed in a bath of raw 
linseed oil and worked up and down in a vertical man- 
ner, moving to different parts of the balh. unless there 
is a jet of oil coming up from the bottom. Or, better 
still, having perforated pipes coming up the sides of 
the bath, as represented in Fig. 119. In either case it 
is advisable to work the articles up and down, to avoid 
the vapors which always have a tendency to keep the 
contents of the bath from acting on the heated steel, 

I f the articles are long, a deep tank should be used 
for the bath. If the taps are 24 inches long, there 
should be a depth of 40 inches of oil. If the articles 
are longer, the tank should be proportionally deeper, 

A precanticm that should always be observed when 
hardening large pieces of work, when they are to 
be quenched in a bath of oil, consists in protecting the 
hands and arms of the operator to prevent burning 
from the fire, which results when a piece of red-hot 
steel is immer.sed in oil. This is, of course, simply a 
biiming of the surface oil as the steel passes through 
it, but it is liable to flash high enough to bum the 
hands and arms unless they are protected in some 
manner. 

When hardening long articles, it is found much more 
convenient if the tanks containing the cooling liquid 
are so located that the tops of the tanks are nearly on 
a level with the floor — say 12 or 15 inches above it. 

The toolmaker should, when making adjustable 
taps, reamers, etc., of the description shown in Fig. laS, 
leave a portion on the end solid, as shown in Fig. 129, 
to prevent the tool springing out of shape. The hole 
for the adjusting rod should be filled with fire-clay, 
the article packed with the mixture of charcoal and 



How to harden an adjustable reamer. 



charred leather, and subjected to a very low red h^t, 
and dipped in raw linseed oil, warmed to about 90 
degrees Fahr. The length of time it should be sub- 
jected to heat after it is red-hot depends on the size, 
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Figure 128. An adjustable reamer. 

quality of steel used, and the work it is to do. It 
will vary from i to 2^ hours. The temper may be 
drawn to a light straw or a full straw color. Tlie 
shank, and ends of flutes nearest the shank, should be 
drawn to a blue. When drawing the temper, the 
reamer or tap may be placed 
in a kettle of oil heated to 
the proper degree for the 
cutting edges. The shank 
may be drawn lower in a 
flame, or heat may be ap- 
plied at the shank end by 
means of a flame from a gas jet, Bunsen burner, or 
any other means, allowing the heat to run toward the 
cutting end. After the reamer has been hardened and 
ground to size, the extreme end may be ground off 
enough to allow the slots to extend to the end. 

Dies used for swaging tubing are a source of an- 
noyance when hardened by methods usually employed, 
as the unequal sizes of the different portions cause 
them to spring out of shape, and their shape is such 
that it is next to impossible to grind them in a manner 
that insures satisfaction when they are used. 

Pack hardening furnishes a method whereby this 
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Figure 129. Solid portion 
of reamer. 
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Box for heating swaging dies. 

class of work i;an be made bard enough to do the work 
required of tbem, and they do not alter in shape enough 
to require grinding. For this reason the extremely 
hard surface, which comes iii contact with the contents 
of the bath, need not be removed by grinding. 

When making swaging dies of the description 
mentioned, best results will follow if they are made of 
tool steel of 1 }^ to I Jj! per cent, carbon. Block to shape, 
anneal thoroughly, and finish to size. When harden- 
ing, the dies should be wired and packed in a bos, 
as shown in Fig. 130, placing charred leather all 
around the die for a distance of ^ inch to i inch. The 
balance of the box 
may be filled with 
packing mixture 
that has previously 
been used. Run 
for about 4 hours 
after they have 
reached a meditim 
red heat. It is 
necessary to give 

articles of this description a trifle higher heat than 
if hardening cutting tools made from the same stock. 

As hardness is the required quality, the dies should 
be left as hard as when taken from the bath, which 
should be raw linseed oil at a temperature of about 60 
degrees Fahr. 

A careful study of the pack hardening method 
will help e;ery one handling steel. It often makes 
possible the use of lower grade steels, and it enables 
pieces to be made of any desired shape with the know!- 
edge that they can be hardened without cracking. 




Case Hardening. 



When wrought iron or machinery steel — especially 
he latter — will answer the purpose as well as tool steel, 
iey are generally used. The first cost is less, and it 
ian be machined much more cheaply, and in many cases 
t is better adapted to the purpose. 

Machinery steel is made by two entirely different 
■'processes, namely: the Open Hearth and the Bessemer 
processes. Each method produces steel adapted to 
certain classes of work. There are many grades of 
steel made by each of these processes, these being de- 
termined by the amount of carbon or other elements 
present in the steel. Machinery steel is not only valu- 
able to the mannfacturer on account of its low first cost, 
as compared with tool steel, and the ease with which 
it may be worked to shape, but it possesses the quality 
of toughness, and is not so susceptible to crystalliza- 
tion from the action of shocks and blows. A very 
valuable feature is, that by subjecting it to certain 
processes, the surface may be made extremely hard, 
while the interior of the steel will be in its normal 
condition, thereby enabling it to resist frictional wear 
and yet possess the quality of toughness. 

I The hardening of surfaces of articles made of 
wrought iron and machinery steel is generally termed 
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"case hardening," and consists in first converting the 
surface of the article to steel, then hardening' this steel 
surface. In order to convert the surface to steel, it is 
necessary to heat the piece red-hot, then treat it while 
hot with some substance which furnishes the necessary 
quality to cause the steel to harden when plunged in a 
cooling bath. 

Most machine shops have some means whereby 
they can harden screws, nuts and similar articles. 
Where there is only a limited jiumber of pieces to 
harden, it is customary to heat the work in a black- 
smith's forge, in a gas jet, or in any place where a red 
heat can be given the piece. When hot, sprinkle with 
a little granulated cyanide of potassium, or some yel- 
low prussiate of potash, or a mixture of prussiate of 
potash, sal ammoniac and salt. If cyanide of potassium 
is used, it is advisable to procure the chemically pure 
article, as much better results may be obtained. The 
reader should bear in mind that this is a violent poison. 
Re-heat to a red and plunge in clear, cold water. AVhen 
there are large quantities of work to harden, this is an 
expensive as well as a very unsatisfactory way. To 
case harden properly, one must understand the ma- 
terial of which the article is made and the purpose for 
which it is to be used — whether it is simply to resist 
friction or wear, or to resist sharp or heavy blows, a 
bending or twisting strain, or whether it is merely de- 
sired to produce certain colors. 

We will first consider the case hardening of work 
that simply needs a hard surface, with nothing else to 
be taken into consideration. Pack the articles in an 
iron box made for this purpose, as shown in Fig. 131. 
The size and shape of the box used depend, as a rule:. 
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gas pipe. 



in ^vhat can be found in the shop. But when results 
Lre to be taken into consideration, it is advisable to 
arocure boxes adapted to the pieces to be hardened. 
Lt is not policy to pack a number of small pieces, 
wbicb do not require a deeply hardened portion, in a 
large "box, e,?pecial]y if it is desirable to have a uni- 
formity in the hardened product, as the pieces which 




are near the walls of the box will become red-hot long 
before those in the center. And as steel or iron 
absorbs carbon only when red-hot, the pieces nearest 
the outside would be hardened to a greater depth 
than those near the center of the box. 

For small articles, where but a few pieces are to 
be hardened at a time, a piece of gas-pipe may be used. 
Screw a cap solidly on one end or plug the end with a 
piece of iron, using a pin to hold it in place. The 
outer end may be closed by means of a piece made in 
the form of a cap to go over the end, or it may be a 
loose-fitting plug held in place by a pin, as shown in 
Fig. 118. When a hardening box of the description 
shown in Fig. 131 is used, the heat may be gauged 
nicely by running test wires through the cover to 
bottom of tube, as shown in Fig. 126. Pack the pieces 
of work in a mixture of equal parts, by measure, of 



^m How to pack for case hardening. ^H 

^1 granulated raw bone aud granulated charcoal mixB^^ 
H thoroughly together, Cover the bottom of the harden- 
B ing box to a depth of iJ4 inches with the mixture, 
* pack a row of work on this, being sure that the arti- 
cles do not come within J^ to }^ inch of each other, 
or within i inch of the walls of the box. Cover this 
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Figure i]z. A method ofuilng tear wira. 

Tamp down, put on another layer, and so continue 
until the box is lilled to within i inch of the top, 
Fill the remaining space with refuse packing material 
left over from previous hardenings, if you have it. 
If not, fill with charcoal or packing material, tamp 
well, put on the cover, and lute the edges with fire- 
clay to prevent as much as possible the escape of the 
gases. This is necessary, as the carbon is given ofE 
from the packing material in the form of a gas. Then 
again, if there are any openings, the direct heat will 
penetrate these and act on the work in a manner that 
gives unsatisfactory results. 

If the articles are so large that they would not cool 
belowarcdheat before reaching the bottom of the bath, 
they should be wired, as shown in Fig. 130, before put.- 



To case hawlen many small pieces. 

ting in the hardening box. Use tron binding wire, s\xi- 
ficiently strong to hold the piece when it is worked 
around in the bath. If the articles are too heavy for 
wiring, we must devise some other way of holding— 
either tongs or grappling hooks. If the pieces are 
small, they can be dumped directly from the box into 
the tank, sifting the work out of the bos somewhat 
slowly, so that the 

articles will not go ^~\ (^ 

into the bath in a 
body. If the tank 
is large enough, it 
is a good plan to 
have wires across 
from side to side, 
about 4 inches 
apart in horizontal 
rows. Have the 
rows 3 or 4 inches 
apart. Do not put 
any two consecu- 
tive TOWS of the wires underneath each other, but in such 
a manner that the work will strike the wires as it passes 
to the bottom of the tank. In striking these wires, the 
work will be separated, and any packing material ad- 
hering to it will be loosened by the Jar. The work will 
also be turned over and over, thus presenting; all sides 
to the cooling effects of the bath as it passes through. 
These wires can be arranged as shown in Fig. 133 by 
taking two pieces of sheet metal, a little shorter than the 
inside length of the tank, drilling holes in them as de- 
scribed in the arrangement of wires, and wires can be 
passed through these boles and riveted, thus making h 
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Details of tank for hardening small work, ^ 

permanent fixture that can be placed in the tank an^ 
taken out at will. The distance the wires are apart can 
be varied to accommodate the particular kind of work 
that is to be done. They must be far enough apart su 
that the work cannot become lodged on theni. 

This simple device does away with the liability of 
soft spots in pieces of work that are case hardened. Do 
not have any wires within 8 or lo inches of the bottom 
of the tank. Have a coarse screen or a piece of sheet 
metal drilled full of holes somewhat smaller than the 
piece we are to harden. Block it up about 4 inches 
above the bottom, to allow a free circulation of water 
underneath it. This also allows the water to pass 
through it around the work, and the packing' material 
will pass through it, giving the water a better chance 
to get at the work. The water inlet should be at the 
bottom of the tank, and we should have an outlet about 
z inches from the top to allow the surface water to 
escape. The cold water coming up from the Inlet at 
the bottom shoulc! be turned on before we dump the 
work, allowing it to run until the work is Gold. In 
heating the work, any form of furnace that will give 
the required heat and maintain it evenly for a sufficient 
length of time will do. 

The cover of the boxes should have several % inch 
holes drilled in the center, as shown in Fig. 26. After 
putting the cover in place, put pieces of ^ inch wire 
through these holes down to the bottom of the boxes, 
allowing them to stick up an Inch above the cover, to 
enable us to get hold of thera with the tongs. The 
boxes may now be put in the fire, and siibjected to a 
heat which should vary according to the character of 
the work. The work should be heated to a red and 



Unsatisfactory to gauge heat by total time. 

for some classes of work it may even be brought tu a 
bright red. When it is thought that the work has been 
in the fire long enough to heat through, draw one of 
the wires with a long pair of tongs. If the wire is red 
entire length, time from then. If not, wait a few 
minutes and draw another, and so on until one is drawn 
that is red the entire length. 

The writer considers this the proper method to 
uploy in timing all work being heated in the fire, 
(rhether it is to be annealed or case hardened, charging 
for hardening by the Harveyizing method, or when we 
! pack hardening tool steel. If the work is timed 
ini the time it is put in the fire, the results will be 
nncertain, as the fire is hotter one day than it is another. 
Sometimes the fire acts dead, another day lively, so the 
is longer in heating at one time than at another; 
but if it is timed from the period when the work com- 
mences to take carbon, the results will be as nearly 
uniform as it is possible to get them, provided the heat 
s uniform, which can be gauged quite closely by the 
eye. Better results can be obtained by the use of the 
pyrometer, although for ordinary work this is not 
'necessary. After running the work the proper length 
■ of time, which varies according to the nature of the 
eteel and the purpose for which it is intended (small 
Articles, ^ inch or less, which do not require an3rthing 
^bnt a hard surface, should be run one or two hours 
after they are red-hot), dump into the water. 

If it is desired to have them colored somewhat, 
hold the box about a foot or i8 inches above the tank, 
allowing them to pass this distance through the air be- 
fore striking the water. If we are hardening small 
acrews having slots for screw-drivers, and are harden- 



Advice as to use of packing material. ^ 

iag simply to keep the screw-driver from tearing tM 
slot, we can use expended bone as packing material — 
i. e., bone that has been used once before. It will make 
the work hard enough for all practical purposes, yet 
not hard enough to break. If we wish to harden deeper, 
we must run about five hours after the work is red. 
By running sixteen or twenty hours, we can harden to 
a depth of }^ inch. In the case of small articles, it is 
best to use a bone not coarser than what is known as 
No. 2 granulated raw bone. When we are to run for 
a long period of time in the oven, we should use a 
coarser grade. 

When it is necessary to harden very deep, it is ad- 
visable to pack the work with coarse bone, letting it run 
from 15 to zo hours in the fire, then taking out and re- 
packing with fresh material. Work that is allowed to 
run for too long a time with the same packing material 
is very liable to be not only insufficiently carbonized, 
but to be in a measure decarbonized and highly charged 
with phosphorus, which is very injurious to the ma- 
terial we are using. The charcoal used in the mixture 
should, if possible, be the same size granules as the bone. 
The commercial article is much superior to anything 
we can pound and sift, so it is policy to buy it. The 
first cost may seem a trifle stiff, but if account is ti 
of the time it takes to pound and sift a barrel of cl 
coal, it will be found the cheaper article. 

There are many special preparations used in 
hardening, some of which are excellent for special 
work, while some are good for all kinds of work. 
When we wish to harden deep in a short space of time. 
it is advisable to use bone black in place of granulated 
raw bone. Bone black, or animal charcoal, as it is 
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W Mixture for use on color work. 

pmmercially called, is prepared by burning bones in a. 
tpecial furnace. It comes in the form of a powder. It 
eaves a finer grain in the work hardened, and it will 
nake it stronger than if hardened with raw bone. 
Another form of bone which gives excellent results is 
:alled hydrocarbon at ed bone, a form of bone black 
xeated with oil so that it gives off its carbon more 
readily than 
either form 
mentioned be- 
fore. It is not 
generally used, 
but for nice 
work it is very 
satisfactory. 

If we wish to 
give a nice color 
to our work, it is 
necessary to 
iirst polish it 
and be sure it is 
clean when 
packed in the 
hardening box. 
Use the follow- 
ing mixture 
when packing: 
3 parts No. I granulated raw bone. 
2 parts bone black. 
1 part granulated charred leather. 
Mix thoroughly before using. The results will be 
much more gratifying, if a pipe which is connected with 
an air pump is run up into the water inlet pipe, as shown 
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How to cool case hardened work. 

in Fig. 134. By this means a jet of air is forced into the 
water at the bottom of the tank in such a manner that 
it will be distributed through the whole bath, in order 
that each piece of work may come in contact with it as 
the work passes through the water. 

When articles are hardened by the first process 
mentioned, heating in the fire and treating with cyanide 
of potassium, very nice colors can be obtained by taking 
a piece of gas pipe, putting one end in the bath and 
blowing through it, passing the work through the air 
in the water when we dip it. When the articles are thin, 
and must be very hard, yet tough, it is best to use a 
bath of raw linseed oil. 

If this bath is used, it is advisable to attach a piece 
of iron binding wire to each piece when we pack the 
work, allowing the wires to hang over the sides of the 
box. When we take the box from the fire, the articles 
can be removed from it and immersed in the oil by 
means of the wires. They should be worked around 
well in the bath until the red has disappeared, but in 
such a manner that broad sides are not moved agalnsi 
the cool oil, or the articles may spring. By taking this 
precaution, there will be no difficulty in obtaining satis- 
factory results in practically all cases. 

The advent of the bicycle opened the eyes of me- 
chanics to the fact that a low grade steel coiild be used 
to advantage for many purposes, where formerly it 
would have seemed necessary to use tool steel under 
similar conditions. 

As competition made it necessary to produce a 
machine weighing less than one half of what it originally 
weighed, and capable of standing up under greater 
strain, methods were devised whereby low grade steel 
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fcould be hardened in a manner that insured its standing 

bs well as if the article was m^de of the more costly 

Bool steel. 

W Crank axles were made of 40-point carbon open 
hearth steel, which was given sufficient stiffness by 
heating red-hot and plunging in fiot oil. When the 
percentage of carbon was lower than that mentioned— 
40-point — it was sometimes found necessary to pack 
the axles in a box with granulated wopd charcoal, sub- 
jecting them to a red heat for a period of from z to 6 
hours; they were then dipped in hot oil. If the per- 
centage of carbon was too low to insure hardening by 
this process, they were packed in a box with equal 

I parts of charred leather and charcoal, run for a suffi- 
cient length of time, and quenched as described. 

It was found necessary to make handle bar binders 
very light. When made of tool steel, hardened and 
tempered, the cost was too great, and if made of ordi- 
nary machine steel, case hardened, they were elastic, 
but stretched when strain was put on them. By using 
a 30-point carbon steel packing in charcoal, and running 
1 hour after they were red-hot, then plunged in hot oil, 

I they gave as good satisfaction as though made of tool 
Bteel, while the cost of machining was not one-quarter 
■s much. 
[ Hardening bevel gears for bevel gear chainless 
sricycles caused a great many anxious moments in shops 
'Where it was attempted. One prominent manufactur- 
ing concern lost at one time 75 per cent, of all gears 
liardened, according to their own statement. 

At the time mentioned the writer was connected 

rith a concern manufacturing a high-grade chainless 
heel. The gears were of the design represented in 



Case hardening bicycle parts. 

Figf- 135- They were made of 40-point carbon open 
hearth steel, which was extremely low in phosphorus. 
When hardened, they were packed in a hardening box 
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Pinion Gear 




Figure 135. 

Bicycle parts case 
hardened. 
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with a mixture of granulated charred leather and char- 
coal, run at a red heat for a sufficient length of time to 
make the teeth hard enough to resist wear, yet not 
brittle enough to break when in action. This was the 
reason it was necessary to use a steel of a very low 
percentage of phosphorus. 

The crank axle gear, as shown above, was run 
I ^ hours after it was red-hot, then dipped in a bath of 
raw linseed oil at a temperature of 100 degrees Fahr. 

736 



Difitrent case hardening results. 

le surfaces of the teeth were extremely hard ; the gear, 
being made light to reduce weight, necessarily had to 
be very stiff, yet tough. They gave the best of satis- 
faction. Another concern in the same line of business 
packed their gears in granulated raw bone, with the re- 
sult they were so brittle it was found impossible to use 
them. Still another packed their gears in raw bone, run 
them for one hour after they were red-hot, then allowed 
them to cool, reheated and hardened. The gears were so 
brittle the teeth would break when the surfaces were 
mot sufficiently hard to resist wear. Both concerns 
adopted the method in use in our factory and had 
excellent results. 

While bone is an excellent hardening agent, it is 
not good practice to pack steel in it for case hardening, 
if brittleness is objectionable in the hardened product, 
l)ecause, as previously stated, raw bone contains phos- 
phorus, and phosphorus when present in steel, es- 
pecially in combination with carbon, causes the steel to 
be brittle. 

The pinion gear, shown in Fig. 135 on preceding 
page, was hardened in the same manner as the one 
mentioned, with the exception of the temperature of 
the bath, which was about 60 degrees. When hard- 
ening the small gears, it was found possible to wire 
iveral on the same wire, being careful to have suffi- 
cient space between them to insure good results. 
The advantage of this method of wiring was that a 
■great amount of time was saved when dipping in the 
:'bath. While it was necessary to dip the large gear 
'in the bath in a vertical position, working it up and 
Idown, the small gears were dipped in any position, as 
their shape prevented their springing. 
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Case hardening small screws. 

The gears, shown in Fig. 136, were used on the rear 
end of the gear shaft and rear hub, and were hardened 
in the same manner as the crank axle gear. 




While the critic might 
claim that some of the ex- 
amples given do not prop- 
erly belong under the head 
of case hardening, it has 
seemed advisable to group 
them under this head, be- 
cause they are, as a rule, so classified in most shops. 

It is generally advisable when case hardening 
screws made of Bessemer steel wire, to pack in expended 
bone. In this way the extreme brittleness incident to 
the use of raw bone is done away with in a great 
measure. The writer has seen batches of small screws 
(1^ inch and under) made of Bessemer screw stock, 
which was packed in raw bone and hardened, so brittle 
that they would break from the necessary power ap- 
plied to a screw -driver to screw them into the hole. At 
the same time, when annealed, they filed easier, and 
were apparently softer than a piece of the rod they were 
made from. They had been heated to the different 
temper colors in order to toughen them, but it did no 
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Charred leather toughens. 



They were so brittle, even when annealed, that 
y were useless. 

Yet screws made from stock out of the same batch, 
:ked in expended bone and run for the same length 
time, were apparently all right. Had charred leather 
been used, it 
woiild have made 
them tougher, but 
the expended bone 
made them tough 
enough for all 
practical purposes. 
As it is much 
cheaper and more 
readily obtained, 
it is generally used 
for work of this 

When case hard- 
ening small pieces, 
which do not re- 
quire a deeply 
hardened portion, 
but which must be 
uniform, as bicycle 
chain links, it ia 
advisable to use 
boxes made espe- 
cially for them, in 
er that all the pieces in the box may become 
Lted at about the same time. The writer has in 
id a certain stock used for making bicycle chain 
ck links, which was packed in a box of the de- 
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How to pack snap gauges. 

scription shown in Fig. 137, using as packing 
mixture equal parts animal charcoal, wood char- 
coal and charred leather. The work was run 45 
minutes after it became red-hot, then dumped in cold 
water, and gave excellent results. The links tested 
showed up well, and the chains gave the best of satis- 
faction when on the wheels. A different stock was 
procured, and it was found by experiment that links 
made from the new stock could be run only 25 minutes 
after they became red-hot. If run the same length of 
time as those made of the first stock used, they would 
break very easily, but when run only 25 minutes gave 
very good satisfaction. 

In many shops it is customary to make snap gaugw 
of machine steel. They are much easier made, the 
cost of material is less, and, if hardened properly, they 
will wear well. It is best, in cases of this kind, to use 
open hearth steel rather than Bessemer, as the latter 
runs more uneven. The best results will be obtained 
if we use as packing material granulated leather instead 
of bone. When packing, mix with an equal amount 
of granulated charcoal, run five or six hours, if the 
gauge is % inch thick or more. Run at a very low 
heat, and dip in the oil bath. It will be found to be 
very hard, and probably straight. If hardening small 
pieces, it is advisable to use smaller boxes than when 
large pieces are being treated, as it takes some time to 
heat a large box through. Pieces near the walls of the 
box will become hot quicker than those in the center, 
and consequently will be hardened deeper. 

Many pieces of work are made of tool steel when 
machine steel woiild answer the purpose as well, or 
better, were it not for the coarseness of the grain when 



steel. 

the piece is case hardened. The fine grain may be 
necessary to resist pressure and wear on some small 
part of the surface, or possibly it is to be subjected to 
the action of blows, and the grain being coarse, the 
surface has no backing and is soon crushed in. The 
causes of the open grain are; first, that it is the natural 
condition of the stock ; second, the pores are open when 
heated, and the steel is absorbing carbon. The higher 
the heat to which the pieces are subjected, the coarser 
the grain. 

It is possible to heat machine steel in such a man- 
ner as to produce a fine grain — in fact, as fine as that 
of the nicest tool steel. While the writer would not be 
understood as advocating the use of machinery steel in 
the making of nice tools, as so good an article cannot 
be produced as if made of tool steel, yet for certain 
purposes cutting tools are made of a good grade of open 
hearth steel, case hardened very deep, with fine compact 
grain, which gives excellent results. This is particu- 
larly the case where the cutting part is stubby and 
strong. Cams made of low grade steel, and hardened 
by this method, will resist wear as well as though made 
of tool steel and hardened, and they are not as liable to 
fiake off or break. Punch press dies that are to be used 
for light work, cutting soft metals where there are no 
projections, will do very satisfactory work. Gauges, 
whether they be snap, plug, ring or receiving, are 
hardened with much less liability of their going out of 
shape, are easier to make, and will wear as long as 
though made of tool steel. Then, too, the necessity of 
allowing them to "age" after hardening, before grind- 
ing to size, as is the case when gauges are made of tool 
steel for accurate work, is done away with. 
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What is needed in case hardening. 

Many bicycle parts, formerly made of a good grade 
of tool steel, are now made of machine steel, and the 
best of results are obtained. Such is not apt to be the 
case if they are simply case hardened by the ordinarj' 
method, as the grain is too coarse to resist the peculiar 
action of the balls, particularly on the cones and ball 
seats. Spindles of machines, where there is considera- 
ble tendency to wear, also a pounding or twisting mo- 
tion to resist, where tool steel would be liable to break 
and ordinary case hardening would yield to such an 
extent as to make the bearings out of round, can te 
treated very successfully by this metbod. 

All that is needed is a good hardening furnace, 
large enough to receive as many boxes as we may need, 
a plentiful supply of boxes, some granulated rawlxBie, 
a good supply of charcoal and a small amount of hydro- 
carbonated bone, and some charred leather for oor 
nicest work. We should also have a suitable supply of 
water in a large tank, and a smaller tank arranged so 
that we can heat it to any desired temperature, and a 
bath containing raw linseed oil. The work should be 
packed in the hardening boxes as for ordinary case 
hardening, run about the same length of time, and left 
in the oven to cool the same as for annealing. 

When cool, the articles may be heated in the 
open fire, muffle furnace or in the lead crucible, and 
hardened the same as tool steel; or, if the articles are 
small, and there are many of them, they can be re- 
packed in the hardening box with charcoal. But do 
not use any carbonizing substance, as that would have 
a tendency to open the grain, and the object of the 
second heat is to close the grain. The lower the hard- 
ening heat, the more compact the grain will be, as is 



Case hardening metal cutting tools. 

the case with tool steel. This method not only gives a 
close grain, but a very strong, tough surface, and, the 
center being soft, the piece is very strung. 

When hardening tools whose office it is to cut 
metals, it is always best to use a packing mixture of 
equal parts of charred leather and charcoal. The 
kernels should be fine and of about the same size, if 
possible, for if the kernels of the leather were large, 
and those of the charcoal were small, the tendency 
would be for the finer to sift to the bottom of the box. 
Leather gives a stronger, tougher effect than bone, it 
being practically free from phosphorus, while bone 
contains a large percentage. The presence of phos- 
phorus in steel makes it brittle, especially when com- 
bined with carbon. Yet for most purposes where there 
are no cutting edges bone works very satisfactorily in 
connection with machinery steel, and is much cheaper 
than leather. When using either bone or leather, mix 
with an equal quantity {by measure) of granulated 
charcoal. Being well mixed, the particles of charcoal 
keep the kernels of hone or leather from adhering to 
each other and forming a solid mass when heated. 
Then again, the charcoal has a tendency to convey the 
heat through the box much more quickly than would 

I be the case were it not used. 
I If small pieces are to be hardened that do not need 
Barbonizing more than gV of an inch deep, it is best to 
bse No. 2 granulated raw bone. If the pieces require 
k very deep hardened section, it will need a coarser 
Erade, as they must run longer in the fire. When 
pardening bicycle cones and similar articles, where it is 
necessary to carbonize quite deeply, it is best to pack 
|(irith No. 3 bone and charcoal, equal parts, or better 
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To case harden thin pieces. 

yet, with two parts raw bone, two parts charcoal and 
line part bone black or animal charcoal. Pack in the 
hardening; box, as previoiisly described, run in the fur- 
nace lo hours after the box is heated through, using 
the test wires to determine the beginning of the heat. 
After the work is cold, it can be reheated as described 
and hardened. It is advisable to occasionally break a 
piece of work and examine the grain, noticing how- 
deep the hardening has penetrated. If not deep enough. 




repack in the boxes with fresh material, and run againj 
but if directions given are followed closely, results will 
in all probability be found satisfactory. The grain, as 
far in as the carbon has penetrated, should be as fine 
as that of hardened tool steel. 

In hardening thin pieces, where it is necessary to 
resist wear or blows, it is advisable to use leather as a 
packing material, hardening in a bath of raw linseed 
oil. The pieces will be found extremely tough and 
hard. It is sometimes desirable to harden the ends of 
a piece of work, leaving the center soft. Take, for in- 
stance, the piece shown in Fig. 1 38. The surface of the 



Case hardening thin pieces. 

ends marked a needs hardening, while the povtions 
marked 6 should "be soft. Pack the ends inside and out 
with hydrocarbonated bone and charcoal, having pre- 
viously filled the center with expended bone. Cover 
the outside of the center with expended bone, run in 
the oven 7 or 8 hour.s after the box is 
heated through. Allow the work to 
a)oI as described, remove the pieces 
from the box, heat the ends separately 
in the lead cruci- 



Tjle, dip in a bath 
of lukewarm 
water, dipping 
with the heated 
end a up, as 
shown in Fig. 139. 
Otherwise the 
steam generated 
from contact of 
(the hot steel with 
water wonld pre- 
sent the water 
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jthe end where it 
jtlipped with the 
heated end down, 
[f the water can- 
lot enter the 

rork and get at the portions necessary to be hard, 
hey certainly will not harden. If the piece is dipped 
rith the heated end as described, the water readily 
□ters. The ends will he found extremely hard, and 
tie grain will be very compact. Not only is this so, 
HS 



Case hardening bicycle axles, 

but the piece will be much less liable to crack tbti 
if the extreme ends were dipped first and hardened, ; 
would be the case with the heated end down. 
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Another method employed when hardening the 
ends of a piece of work and leaving; the center soft, can 
be illustrated by the bicycle axle shown in Fig. i^o. 
The ends are machined to shape, the center being left 
large, as represented at a. The axle is packed in the 
hardening box and charged with carbon, as described. 
The center is then cut below the depth of charging 
shown at d. The piece is ready for hardening. This 
can be accomplished by heating in an open fire, muffle 
furnace or lead crucible, and dipping in the bath. 

When it is necessary to harden the center of a 
piece and leave the ends soft, it can easily be accom- 
plished. If the ends are to be smaller than the centei, 



How to harden bicycle chain studs, 

the pieces may be packed in the hardening box with 
raw bone and charcoal. Run for a sufficient length of 
time to carbonize to the desired depth of hardening. 
Allow the pieces to cool off. When cool, machine the 
ends, as shown by lower cut in Fig. 141, the upper cut 
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representing the piece of work before charging with 
carbon; the lower, after machining the carbonired 
portions at the ends. It may now be heated red-hot 
and dipped in the hardening bath in the usual man- 
ner. The center will be found hard. 

A niethod employed in making bicycle chain studa 
that are hard in the center at the point of contact with 
the block link and soft on the ends, in order that they 
may be readily riveted in the side links, consists in 
taking screw wire or special stud wire of the desired 
, packing it in long boxes with raw bone and char- 
lal and Tunning 3 or 4 hours after it is red-hot. Then 
How it to cool off. The stock is now placed in the 
V machine and cut to shape — that is, the ends are 
ait down to proper size. The center, being of the 
■oper size, is not machined. The studs may be heated 



An interesting experiment. 

in a tube in any form of fire and dumped in a bath of 
water or brine. The center will be hard enough to re- 
sist wear, while the ends will be soft, the carbonized 
portion having been removed. 

An interesting experiment can be tried, which in 
itself is of no particular value, except that it acquaints 
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one with the manner in which carbon is absorbed by 
steel. Take a piece of open hearth machinery steel, 
turn it in the lathe to the shape shown in Fig. 14a, neck- 
ing in every half inch to the depth of ^ inch, leaving 
the intervening spaces J^ inch long. Pack the piece 
in the hardening box with raw bone and charcoal. 
Run five or six hours after the box is heated througb. 
AVhen cold, turn the shoulders marked 6 to the size of 
a, leaving a the same size as before charging. Heat to 
a low red and dip in the bath. The portions marked 
a will be found hard, while the balance of the piece 
will be soft. 

When pieces are to be case hardened, and it is con- 
sidered desirable to leave a certain portion soft, it is 
accomplished many times by making tongs of the 
proper form to effectually prevent the contents of the 
hardening bath coming in contact with the portion men- 



Case hardening to leave soft places. 

tioned Suppose, for example, a piece of the design 
1 in Fig. 143 is to be case hardened, and itisde- 
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Figure 143. Piece with portion desired soft. 

F sired to leave the central portion marked soft. Maki 
pair of tongs to grasp the piece, as shown in Fig. 
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It will be seen that 
tioned is effect- 
the tongs. The 
in the bath, and 
until the red has 
it may be dropped 
tank and left until 
desirable to leave a 



44- 

the portion men- 
iially protected by 
piece may he dipped 
worked around well 
disappeared, when 
to the bottom of the 
cold. When it is 
])ortion of an article 



10ft, as shown in Fig. 145, it is sometimes accoraplish- 
^ed by covering the portion to be soft with fire-clay, as 

^own in lower view. The fire-clay may be held in 
[place by means of iron binding wire; sometimes the 
Ifire-clay is held in place by means of plasterers' hair, 



The use of fire-clay for soft places. 

which is worked into the mass when it is mixed with 
water. The fire-clay prevents the carbon coming in 
contact with the stock where it is desired soft. 




145. The use gf fiie-cUj for soft spots. 



A method employed in some shops consists ■ 
wrapping a piece of sheet iron around the article ovi 



the po 



de- 



ired soft, as -^ 

shown in Fig. 146. Mm 

The sheet metal is J 

held in place by ^- 

means of iron 

binding wire, as '^^"" '**■ "''"" ''"" '™ '" 

prevent hariening. 

shown. 

A very common method, which is costly when 
many pieces are to be treated, consists in forcing a 



The use of a collar in case hardening. 

collar on to the piece over the portion desired soft, as 
shown in Fig. 147. The collar is removed alter the 
article is hardened. 
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Collar in position 



Figure 147. A collar for keeping portions soft. 



When machine nuts are to be case hardened, and 
for any reason it is desirable to have the interior 
threaded portion soft, it is accomplished by screwing 
a threaded piece of stock in the hole before the nuts 
are packed in the hardening box. 

As carbon can not penetrate a nickeled surface, 
articles are sometimes nickel-plated at portions desired 
soft; this, however, is, generally speaking, a costly 
method of accomplishing the desired result. 

It is sometimes considered necessary to harden the 
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toughness. 



surfaces of pieces quite hard and leave the balance of 
the slock stiffer than would be the case where nrdinar)- 
machinery steel is used. In such cases many times an 
open hearth steel is selected, which contains suf- 
ficient carbon, so that it will become very stiff whea 
quenched in oil. The writer has in mind a gun fraine 
which, on account of the usage to which it was to be 
put, must have a hard surface, while the frame itself 
must be very stiff. They were packed in a mixture of 
charred leather and charcoal, placed in the furnace and 
run for a period of I'/i hours after they were red-hot 
They were then quenched in a bath of sperm oi]. The 
stock used was 3Ci-point carbon open hearth steel. Were 
the articles heavier or a greater degree of stiffness de- 
sirable, a steel could be procured having a greater per- 
centage of carbon. 

When toughness or strength is wanted in the case 
hardened product, a steel having much phosphorus 
should not be used ; in fact, the percentage of phosphorus 
should be the lowest possible, as steel containing phos- 
phorus, in connection with carbon, is extremely brittle. 
For this reason, articles which must be extremely tough 
should not be packed in raw bone, as this contains a 
very high percentage of pho.sphorus. 

At times a job will be brought around to be cast 
hardened, and one particular part will be wanted quitt 
hard, while the balance of the piece will not require 
hardening very hard or deep. In such cases, if the por- 
tion mentioned be a depression, it may be placed upper- 
most in the hardening box, and some prussiate of 
potash or a small amount of cyanide of potash placed 
at this point, the piece being packed in granulated raw 
bone or leather, and run in the furnace a short time. 



Furnaces for case hardenine. 



e article may bt quenched in the usiuil manner. Tht 
rtion where the potash was placed will be estra hard. 




The furnace used in case hardening should receive 
more consideration than is many times the case; an 
even heat that can be maintained for a considerable 
length of time is essential if best results are desired. 

A very satisfactory form of furnace is represented 
in Figf. 148; it burns illuminating gas as fuel. 

When it is considered desirable to use hard coal as 



A "home-made" uase hardenina furnace. ] 



fuel, the furnace made by the Brown & Sharjie Co.* 
Providence, R. I., gives excellent results. 

When it is considered advisable to construct aith/ 




premises a furnace burning charcoal or coke, the ton 
shown in Fig. 149 wili be found very satisfactory. 

However, the form and size of furnace depend in 
great measure on the character and amount of work I 
be hardened. ■ 

Baths for Case Hardening. ^ 

The bath that is to be used for cooling work honi 
case hardened must be suitable to the work beii 



bardened. Where work is case hardened in large 
"cjnantities, it is customary in most shops to harden in 
iron boxes. When the work is in the proper condition, 
the box is inverted over a tank of water or some fluid, 
and the contents dumped into the bath. If the pieces 
of work are large or bulky, and the tank is shallow, 
they reach the bottom while red-hot, and, as a con- 
sequence, the side of the piece that lays on the bottom 
will be soft. In order to overcome this trouble, the 
tank must be made deep enough so that the pieces will 
be sufficiently chilled before reaching the bottom. If 
it is not considered advisable to have an extremely deep 
tank and the pieces are large, various ways are taken 

»to insure their hardening. 
One method which the writer has used with excel- 
lent results is to have a series of rows of wire rods 
reaching across the tank, no two consecutive rows being 
in the same vertical plane, as mentioned in the previous 
section. The work as it descends into the bath strikes 

t these wires, which turns them over and over, bringing 
;all portions in contact with the contents of the bath. 
These wires also separate the pieces from each other 
I and from any packing material which may have a 
tendency to stick to them. The wires also retard the 
progress of the articles, giving them more time to cool 
» before reaching the bottom of the bath. 

In order to insure good results, it is necessary to 
thave a jet of water coming up from the bottom of the 
L An outlet is provided near the top for an over- 
1, The overflow pipe, of course, should be larger 
a the inlet pipe, and should be located far enough 
Blow the top edge of the tank, so that the contents will 
t overflow when a box of work is dumped into it. 




Butli with catch 



pan. 



In order to get the hardened pieces out of the bath 
easily, it is necessary to provide a catch pan, as shown 
in Fig. 150. The bottom of this panshould be made of 
strong wire netting or a piece of perforated sheet metal, 
preferably the former. The holes in the pan allow the 
packing material to fall through to the bottom of the 
tank, and also 
allow the water 
from the supply 
pipe to circulate 
freely around the 
work and to the 
top of the bath. 
This catch pan 
should be provided 
with strong wire 
handles, as shown, 
in order that it may 
be readily raised. 
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case hardening. An examination showed they were 
dumping their product into a barrel of water to harden. 
The box containing the work was inverted over this 
barrel, and the work and packing material went into 
the water in a lump. Some of the pieces that hap- 
pened to get out of this mess were cooled sufficiently 
to harden somewhat, but the majority of the pieces were 
soft, or else they were hard on one side and soft on the 



How a temporary bath was arranged. 

other. An examination of the bnttuni uf the barrel 
showed it to be considerably charred. In places the 
outline of the pieces was plainly visible. These pieces 
had reached the bottom red-hot, and had burned their 
way into the wood. It is needless to say that the side 
of the piece of work which was down did not harden. 

As those in charge of the work did not think it ad- 
visable, considering the limited amount which they had 
to case harden, to get a tank of the de.scription shown 
in Fig. 150, we made acatch pan as described, blocked 
it up about 6 inches from the bottom of the barrel 
by means of bricks. We then bored a hole into the 
bottom of the barrel, screwed in a piece of pipe, and by 
this means were able to connect an ordinary garden 
hose, so as to get a jet of water coming up from the 
bottom. As the barrel was out of doors, we simply 
bored a two-inch hole about two inches from the top of 
the barrel for an overflow, and let the water run on 
the ground, When the work was ready to dump, we 
sifted it out of the box into the water gradually, rather 
than to dump it in a body. As soon as the box was 
emptied, we grasped the wire connected with the catch 
pan, and raised and lowered the pan in a violent man- 
ner, in order to separate any pieces that might have 
lodged together. The result was very satisfactory, and 
I think they are .still using that barrel. 

Baths are made, when large quantities of work are 
hardened, with some means of keeping the work in 
motion after it reaches the bottom of the bath. This 
is sometimes done by mechanically raising and lower- 
ing the catch pan, and at the same time turning it 
around. Then again, it is done by means of several 
sweeps, which are attached to the lower end of a verti- 
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Bnths with air pumps or perforated pipes. 

cal shaft, ihc sliaft resting in ;i bearing in the center ui 
the catch pan. These sweeps, or arras, revolving, keep 
the pieces in motion, turning them constantly, but un- 
less arranged 

properly, they ^^^^^^^ 
have a tendency 
to gather the 
work in batches, 
thereby acting 
exactly opposite 
from what they 
are intended to 
do. Then again, 
they have a ten- 
dency to scratch 
the surface of the 
work, which is a 
serious objec- 
tion, if color 
work is wanted. 
When it is de- 
sirable to get nice colors on case hardened work, 4 
air pump may be connected with the bath, as shown il 
F'g^- >34i tbe water and air entering the bath together. 
While it is not advisable to let air come in contact with 
the pieces to be hardened for colors while passing from 
the box to the water, yet the presence of air in the 
water would have the effect of coloring the work nicely. 
When hardening long slender articles or those 
liable to give trouble if a bath of the ordinary descrip- 
tion is used, excellent results may be obtained by 1 
use of a bath with perforated pipes extending upfl 
sides of the tank, as shown in Fig, 




Spring Tempering. 



When it is necessary to give articles made of steel a 
sufficient degree of toughness, in order that when bent 
they will return to their original shape, it is accom- 
plished by a method known as spring tempering. 

The piece is first hardened, then the brittleness is . 
reduced by tempering until the article, when sprang, 
will return to its original shape. 

Generally speaking, it is not advisable to quencb 
pieces that are to be spring tempered in cold water, as 
it wonld not be possible to reduce the brittleness suffi- 
ciently to allow the piece to spring the desired amount 
without drawing the temper .so much that the piece 
would set. Steel heated red-hot and plunged in oil is 
much tougher than if plunged in water ; and as tough- 
s the desired quality in springs, it is advisable to 
irdenin oil whenever this will give the required result. 
For many purposes a grade of steel made especially 
far springs gives better results than tool steel ; for in- 
ince, bicycle cranks made of a 40-point carbon open 
iarth steel will temper in a manner that allows them 
to stand more strain than if made of the finest tool 
steel, and the stock does not cost more than one-quarter 
Jhe price of tool steel. 

When springs are to be made foracertain purpose. 
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it is generaHy safer to state the requirements of the 
spring to some reliable steel maker, allowing him to 
furnish the stock best suited for the purpose, than to 
attempt to specify the exact quality wan ted^un less, of 
course, the operator or manufacturer has, either by ex- 
perience or by study, acquired the knowledge necessary 
to qualify him to judge as to the quality needed. 

As previously stated, the hotter a piece of steel is 
heated for hardening the more open the grain becomes ; 
and as hardened steel is strongest when hardened at 
the refining heat, it is always advisable to heat no hot- 
ter than is necessarj- to accomplish the desired result. 
But as springs are generally made of a steel lower in 
carbon than ordinary tool steel, and as low carbon 
steel requires a higher beat to harden than is the case 
when tool steel is used, it is necessary to experiment 
when a new brand of steel is procured, in order to as- 
certain the proper temperature in order to produce the 
best results. 

When steel is heated to the proper degree, it may^ 
plunged in a bath of oil or tallow and hardened, 1 
character of the bath depending on the size of the pi^ 
to be hardened and the nature of the stock used. 
ordinary purposes a bath of sperm oil answers nicol 
In some cases tallow will be found to answer the p 
pose better. It is necessary sometimes to add cei 
ingredients to the bath in order to get the required 4 
gree of hardness. 

The following is iised by a concern when hardening 
clock springs: To a barrel of oil add lo quarts of 
resin and 13 quarts of tallow. If the springs are tQi 
hard, more tallow is added. If, however, the fracti; 
indicates granulation of the steel rather than eSM 



Mixture for hardening springs, 

hardness, a piece of yellow bees'- wax of about twice 
Ihe size of a man's fist is added to the above. 

The following mixture has been used by the writer 
with success in hardening springs which, on account of 
the thictness of the stock or a low percentage of carbon, 
would not harden in sperm oil: 

Spermaceti oil 48 parts. 

Neat's foot oil .46 " 

Rendered beef suet 5 " 

Resin i " 

The proportion of the different ingredients may be 
changed to meet the requirements of the particular 
job. Resin is added to the oil to strike the scale. As 
the scale or oxidized surface of the steel, when subjected 
to heat, is liable to raise in the form of blisters, and as 
these are filled with gas, the contents of the bath can 
not act readily on the steel. A small proportion of 
spirits of turpentine is .sometimes added to the oil for 
the same purpose, but as it is extremely inflammable, 
it is somewhat dangerous to use unless great care is 
observed. The presence of resin in a hardening bath 
has a tendency to crystallize the steel, and on this ac- 
C»unt is sometimes objectionable. 

A very good method, when neither resin nor turpen- 
tine are used to strike the scale, consists in having a 
' dish of soft soap ; or, if that can not be procured, dis- 
solve some potash in water, dipping the steel into this 
before heatiny. It has the effect of preventing oxida- 
tion of the surfaces, and helps to strike any scale that 
may have been on the stock previous to hardening. 

When small springs are to be hardened, which, on' 
'account of their size, cool quickly, they can. if there 
are many of them, be placed in tubes and heated in a 



Furnace for heating springs. 

furnace of the deycription shown in Fig. 152. When 
the pieces are heated to the proper temperaturCj a tube 
is removed and inverted over a bath. The contents 
should go into the bath in a manner that insures uni- 
form results, that is, the pieces should be scattered in 
the bath. If the tube was held in the position shown 
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at n, in Fig. 153, the pieces would go into the batli in a 
lump; but if it were held as shown at 6, the pieces 
would become scattered, thus insuring good results. 

When springs larger than those previously con- 
sidered are to be hardened, an oven having some means 
of heating the articles in a manner that keeps them 
from Cuming in contact with the products of combus- 
tion should be used. Any form of a muiile having 



An oil bath for spring hardening. 
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Figure 153. 

How tubes shown in 

Figure 152 should 

be emptied. 



sufi&cient capacity will do, or the pieces may be placed 
in a hardening box, having J4 inch powdered charcoal 
in the bottom, and a cover placed on the box — which 
need not be sealed. The box may then be placed in a 
furnace and subjected to heat. The cover may be 
raised from time to time and the contents of the box 
noted. This makes an excellent way of heating large 
coil springs and similar articles. 

If the oven is sufficiently large, several boxes may 
be heated at a 
time. When a 
spring shows the 
proper tempera- 
t ure, which 
should be uni- 
form through- 
out, it may be re- 
moved, placed on 
a bent wire and 
immersed in a 
bath of sperm oil, 
having a .jet of 
oil coming up 
from the bottom, 
as shown in Fig. 
154, A repre- 
senting the outer 
tank containing 
water, B the bath 
of oil, C the pump used in drawing the heated oil from 
the bath through the pipe D ; it is then forced through 
the coil of pipe in the water and back into the bath 
through the inlet E. F is the catch pan. The jet of 
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Oil bath for spring tempering. 

oil is forced toward the top of the tank, as shown at G. 
The spring should be worked up and down in the 
bath until all trace of red has disappeared, when it 
may be lowered to the bottom of the tank and left 
until the temperature has been reduced to that of 
the contents of the tank, or imtU a convenient time 
comes for their removal. 

As previously explained, it is not advisable to re- 
move articles being quenched from the bath until they 




FIguic 1 54. Oil baih for ipiing lFinp«ing. 

are of a uniform temperature throughout. While this 
procedure might not make as much difference with a 
piece of work hardened in oil as one hardened in water, 
yet it is not a good plan to remove articles from the bath 
until they are reduced throughout to the temperature.O 
the bath. 

In order that the contents of the bath may be k?^ 
uniform temperature, the pump shown in acoomp 
ing cut may be connected with the tank, as represented, 
the oil to be taken from near the top and pumped 
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^V How to heat heavy springs. 

^feirough the coils of pipe in the outer tank, which 
^Bbould be supplied with mmiiiig water. 
^H When stee! contains carbon of too low a percen- 
^Hfif e to harden properly in oil or any of the mixtures 
^Bientioned, the writer has used a bath of water at, or 
^^■early at, the boiling point (212°) with very gratifying 
^pesults. It maybe found necessary with certain steels 
1 to reduce the temperature of the water somewhat. 

Various methods are employed when drawing the 
temper. The one more commonly used than any other 
is to heat the spring until the oil adhering to the sur- 
face catches fire and continues to bum, when the piece 
is removed from the fire, burning until all the oil has 
been consumed. If this method is iised, it will be 
found necessary to provide some means whereby a 
uniform heat may be obtained, or one part of the spring 
will be found to be too soft by the time the balance is 
rightly tempered. 

If the spring is of heavy stock, it is necessary to bum 

tbe oil off three and sometimes more times, in order to 

bring it to the proper degree of elasticity. The process 

of drawing the temper by heating the spring until the 

oil catches fire from the heat contained in the steel is 

familiarly known as "flashing." Hardeners say that 

it is necessary to flash oil off this spring three times, 

or it is necessary to flash tallow off this spring twice, 

some using the oil the piece was quenched in, while 

I others prefer some other kind of oil or tallow. 

^L Springs hardened in boiling water may be coated 

^Writh oil or tallow and the temper drawn as described, 

^^u it be found necessary. It is not policy to use a fire 

^Having a forced draft or blast when drawing articles 

^Bi> a spring temper. An open fire burning wood or 
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spring teinpenng. 



charcoal gives excellent results. A gas flame having ' 
no air blast also works very satisfactorily. 

Springs of unequal sizes on the various portions re- 
quire a very skillful operator, in order to get uniform 
results, if the above method is used. The thinner 
portions, heating faster than the heavier parts, be- 
come too soft before the other parts are soft enongh. 
Consequently, it is advisable to temper these by a dif- 
ferent method. The spring may be placed in a per- 
forated pail, which in turn is set into a kettle of oil or 
tallow. This kettle is placed where a sufficient amouni 
of heat may be obtained to draw the temper to the 
proper degree. 

The amount of heat given is gauged by a ther- 
mometer, and varies according to the nature of iht 
steel and the character of the spring. It ranges frnn: 
560° to 630°, The exact amount of heat necessary niiis; 
be ascertained by experiment. This method furnishes 
a very reliable way of tempering all kinds of springs. 
The kettle should be so arranged that a cover may 
easily be placed on it in case the oil catches fire, as 
otherwise the operator, or the btiilding, might be burned, 
or the work in the oil spoiled, or the thermometer 
cracked. The cover should be made high enough to 
take in the thermometer. 

The cover should be provided with a long 
handle, in order that the operator may not be burned 
when putting it on the kettle. If it is not considered 
necessary to provide the cover mentioned, a piece of 
heavy sacking should be kept conveniently near for 
use. If this is placed over the top of the kettle, it will 
generally extinguish the flames. 

The thermometer should not betaken from the hot 



^V Heating watch springs. 

^R and placed where any current of air can strike it, or 
^^k glass will crack. It is advisable to leave it in the 
^^t letting it cool down with it. If the furnace 
^^bere the oil is "being heated is located where any cur- 
^Hit of air will strike the thermometer, it must be pro- 
^Hfted in some manner, or it will crack. 
^H If it is considered advisable to remove the pail of 
^Bbrk from the oil before the pieces are cool, it may be 
^ftne, and the pieces dumped into a wooden box, cover- 
^^^ the opening, so that the air will not strike the 
^Heces. The pail may now be filled with fresh pieces 
^Hqniring tempering. The pail of work should he 
^Baced in the kettle of oil. The kettle should not be 
^Baced in the fire again until the pieces of work have 
^fcsorbed con.siderable of the heat that was in the oil, 
HrEien the kettle may be placed in the fire and the 
operation repeated. 

When work is hardened in large quantities, it is 
generally considered advisable to devise methods that 
allow of handling the work cheaply, at the same time 
keeping the quality tip to the standard. Watch springs 
are sometimes heated in a crucible containing melted 
cyanide of potassium or salt and cyanide of potas- 
sium heated to the proper degree. The springs 
are immersed in the mixture until uniformly heated, 
then quenched. It is stated, however, that this 
mixture will not do when heating the hair springs, 
as it causes the nature of the steel to change 
slightly. These springs are heated for hardening in a 
crucible of melted glass. 

When a make of steel is foimd that gives satisfac- 
tory results when made into springs and tempered, it is 
folly to exchange it for another make, unless convinced 



The "second blue." 

that the other is better. A saving of a few cents, >j 
even dollars, on an order of steel is quite often very 
costly economy, as many times springs do not give oui 
until in actual use, and in that case they are often- 
times many miles from the factory where they were 
made. 

When large numbers of springs that must receive 
severe usage are made, it is advisable to give them a 
test — at lea.st, test an occasional spring. Give them a 
test somewhat more severe than they will be liable to 
get in actual use. By so doing it is possible to detect 
an improper method of hardening or tempering before 
the whole batch is done. 



"Second Blue." 

When all springs were made of tool steel and 
hardened, and the temper drawn one at a time, it was 
customary with some hardeners to draw the temper to 
what is known as the "second blue." After harden- 
ing, the springs were polished, then placed in a pan of 
sand and held over the fire imtil the temper colors 
commenced to show, the pan in the meantime being 
shaken to keep the sand and springs in motion and 
insure uniform heating. The tempers will show in 
order as set forth in the color table given xmder 
Drawing the Temper. After the colors had all 
appeared, the surface of the steel assumes a grayish 
appearance. When heated a trifle above this, it as- 
sumes a blue color again, which is known as the 
"second blue." When this color appears, the sprim 
should be dropped in a tank of hot oil, leaving it;^ 
cool off with the oil. 



Colors for springs — how obtained. 

Another method sometimes used when drawing the 
temper of heavy springs made fruni high carbon steel 
consists in heating the article until sawdust dropped 
on it catches lire, or a fine shaving left from a hard- 
wood stick, such as a hammer handle, being drawn 
across a comer of it, catches fire at the proper temper- 
ing heat. 

Mechanics are sometimes surprised when they ob- 
serve a spring in some conspicuous place which is drawn 
to a straw color, a brown or a light blue. It does not 
seem possible to them that a spring drawn to the tem- 
per represented by the color visible should be able to 
stand up to the work. The temper color .shown is 
simply for appearance. The articles are first hardened 
and tempered to give them the necessary ela.sticity. 
This is ordinarily done by heating in a kettle of oil, 
gauging the heat with a thermometer. After heating 
to the proper temperature and cooling, they are 
polished. Any desired color can be given by placing 
the articles in a pan of sand and shaking over a fire 
until the desired color shows, when they may be 
dumped in warm oi! to prevent running. This second 
operation does not affect the hardness or elasticity, 
provided they were not heated as hot as when the 
temper was drawn. 

Many times it is impossible to harden and temper a 
spring in a manner that gives satisfactory results, be- 
cause the spring was bent to shape when cold. Now, 
it is possible to bend most steel somewhat when cold, 
and yet have it take a good spring temper; but it is 
impossible to bend it beyond a certain amount, which 
varies with the steel. 

The writer has seen large safety valve coil springs 
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Caution about annealing sheet steel. 

rendered unfit for use by coiling when cold. I: » 
piece of the same steel was heated red-hot and coiled, 
excellent results were obtained. 

Many times it is necessary to anneal steel one or 
more times between operations in order to obtain good 
results. It was foiind 
necessary to anneal 
the spring shown in 
Fig. 155 after punch- 
ing the blank and 
before bending at all. 
The first operation of 
bending brought the 
spring nearly to 
shape; it was then an- 
nealed, and the finish- 
ing operation taken. 
If it was bent to shape 
without annealing 
the second time, it 
would break in the 
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in in use, if not in the operations of bending. 
When annealing sheet steel, whether it be for springs 
or cutting tools, the utmost caution should be exercised. 
If the steel is allowed to stay in a red-hot condition for 
too great a length of time, the stock is rendered unfit 
for hardening. If heated red-hot and laid aside to cool 
s/owty, much better results will follow than if it were 
packed in an annealing box with charcoal and kept red- 
hot for a considerable length of time. These long 
heats apparently have the effect of throwing the carbon 
out of its proper combination with the iron. It will 
harden, but can never be made elastic or strong. 



L 




Tod* c/ Macbi« 




W 








c&ttaan *^^^^^ saS^aeaHv to prod 

cutting ***» ^ (^luvo-uo^^iii^ ^^ s 

^Tdc^tboa, The giade of J^^^ ^^d much n^,^^ 

iron a» however, vastly s^I^ factare ot th^N ,^^^ 

'°l^?ve than that used in the lO^ p^r. it is nuKs), 

^^^^tnacbine steeL Being j". ^jdened, and Ot>n.>^^^ 

^""^Ser when carbonized and ^^^^^ ^f work of t,^^^^ 

^^^ZJtlv can do many times the »«» ^^ ^ij^n theso ,^ J^ 

^:Xe of the lower grades of st^^' ^, .^rbon. It is „,!: 

Charged with the .a«.perce^g^^ ^3 ^^e impnrlu,, 

171 



■•^r . 



How phosphorus affects steel. 

possible to make tools for cutting paper, wood, lead, 
brass and soft steel of a low grade of steel, and harden 
it by a process that gives results much more satisfac- 
tory than would be thought possible by one who had 
never tried it. This method recommends itself on ac- 
count of the comparatively low cost of the steel, and it 
can be worked to shape more cheaply than if tool steel 
were used. But it is usual, when the experiment is 
tried, to use any piece of low grade steel laying around 
the shop that will machine to shape in a satisfactory 
manner, not realizing that it is necessary, in order to 
get satisfactory results, to use steel adapted to the pur- 
pose. As phosphorus, when present in steel, and es- 
pecially when in combination with carbon, causes it 
to be extremely brittle when hardened, a grade should 
be selected that has the least possible percentage of this 
harmful impurity. 

If it is not necessary to have the hardened surface 
very deep, a steel having a low percentage of carbon 
may be \ised. If, however, the tool is to be subjected 
to great strains, it is advisable to use a stee! containing 
sufficient carbon to cause the tool to harden enough to 
furnish the necessary stiffness or internal hardness. 
The extra amount of hardness necessary to insure the 
cutting portions standing up when in use, must be fur- 
nished by the process of hardening. 

The writer has seen reamers, counterbores, punch 
press blanking, forming and drawing dies, and many 
other forms of tools made of low grade steel, which, 
the parties using them claimed, gave the best of results. 

As before stated, when making tools which are not 
to be subjected to a very great amount of strain, or 
which will not be called upon to resist a great amount 



Steel for slender tools. 



Ef pressure, a steel low in carbon may be used. Any 
desired amount of surface hardness may be given the 
piece. If, however, the tool will be snbjected to tor- 
sional strain, as In the case of a long, slender reamer, 
or if it may have to resist a crushing strain, as in the 
case of a punch press forming die, it is necessary to use 
stock containing sufficient carbon to furnish the desired 
result when hardened. If the tool is not to be subjected 
to very great strain, almost any low grade stock that is 
practically free from impurities will do. 

If a long, slender reamer, or similar tool, is to be 
made, excellent results are claimed by using a low 
grade steel of 40-point (.40^) carbon. In the case of a 
forming die, or similar tool, use a steel of 60 to So-point 
carbon. If, however, it was to be subjected to great 
pressure or very severe usage, the writer's experience 
leads him to adwjcate the use of tool steel specially 
adapted to this class of work. 

As it is necessary, in order to get satisfactory re- 
sults, to have the percentage of impurities as low as 
can be obtained, in order to have the hardened steel as 
strong as possible, do not allow it to come in contact 
with any form of bone when heating. The articles should 
be packed in a hardening box with a mixture of equal 
quantities (volume) of charred leather and granulated 
charcoal in the same manner as described under Pack 
Hardening. It will be necessary to siibject the articles 
to heat for a longer period of time than if hardening 
tool steel. The length of time the articles are sub- 
jected to the action of the carbonizing element depends 
on how deep it is necessary to have the hardened portion. 
The test wires previously mentioned should be used 
to determine when the contents of the box are heated. 



When in doubt about steel. 
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If you are reasonably sure the steel used was prac- 
tically free from injurious impurities and is low in car- 
bon, it may be dipped in a bath of water or brine. 
Should there be any doubt as to this, dip in raw lin- 
seed oil. 

If the article being hardened" is a cutting' tool, or 
something requiring a fine, compact grain, better 
suits will follow if it is left in the box after being s 
jected to the action of carbon, the box removed froi 
the fire, and the whole allowed to cool. When cold, 
the article may be reheated to a low red, and hardened. 

While the writer has used a low grade steel in 
making various forms of tools, and had excellent re- 
sults when they were put to the use for which they 
were intended, he cannot recommend its use, unless the 
parties doing the work select stock suited to the pur- 
pose and exercise due care when hardening. 

While this subject might properly be classed under 
the heading of Case Hardening, it has not seemed wise 
to the writer to do so, because case hardening, according 
to the interpretation usually given it by mechanics, is 
simply a process of transforming the surface of the 
article into a condition that allows it to become hard if 
plunged red-hot into water. Hardness is apparently 
the only object sought, but such is not the case when 
the subject is considered in its proper light. 

When applying this principle to tools, it is neces- 
sary to consider the requirements of the tools, Knoi 
ing this, it is necessary to proceed in a manner tl 
will give the desired results. 

If it is considered advisable to mate certain tool 
of a low grade steel, treating it as described, it is 
necessary to select steel adapted to the tool to be made. 



011» 

I 

3oTs 



Special steels. 

is never advisable to use Bessemer steel bougtt in 
open market, because it does uot run uniform. 
Uways use open hearth steel, procuring it, if possible, 
'. a quality that will give satisfactory results. Steel, 
frith a very small percentage of phosphorus and other 
npurities, may be obtained from any reliable maker, 
C the purpose for which it is to be used is stated when 
dering. 



Special Steels. 



To one interested in working steel, the history of 
Rhe development of this industry furnishes a remarka- 
bly interesting study. 

Steel may be grouped under four genera! heads, 
the name given each class being selected on account of 
the method pursued in its manufacture. 

Probably the oldest of all known steels is the 
cemented or converted steel. This steel is made by 
taking iron in the form of wrought iron bars, packing 
them in a fire-brick receptacle, surrounding each bar 
with charcoal. This is hermetically sealed, and heat 
is then applied until the whole is brought to a degree 
of heat that insures the penetration of a sufficient 
quantity of carbon. Experience proves that carbon 
will penetrate iron at about the rate of one-eighth of 
an inch in twenty-four hours; and as bars of about 
three-quarter inch thickness are generally used, it re- 
quires three days for the carbon to penetrate to the 
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center of the liar (-'&-inch). The furnace is then al- 
lowed to cool, and the iron bars, which are converted 
to steel, are removed. They are found to be covered 
with blisters, hence the name, Blister Steel. 

When examined, the bars are found to be highly' 
crystalline, brittle steel. When this form of steel is 
heated and rolled directly into commercial bars, it is 
known as German Steel. 

If blister steel is worked by binding a number of 
bars together, heating to a high heat, and welded un^er 
a hammer, it is known as Shear Steel, or Single-Shear. 

If single-shear steel is treated asabove, the finished 
product is known commercially as Double-Shear Steel 

Until within a comparatively few years these three 
classes of converted steel were practically the only 
kinds known in commerce. 

Crucible Cast Steel. 

As this is the standard steel used for fine tools, a 
brief study of the methods used in its manufacture 
may be of interest to the reader. Benjamin Huntsman, 
a clockmaker, is supposed to have been the inventor ol 
this process. It occuiTed to him that he might pro- 
duce a more uniform and satisfactory article than was 
to be had at that time for use in manufacturing springs 
to run his clocks. The method he had in mind con- 
sisted in charging into a crucible broken blister steel, 
which was melted to give it a homogeneous character. 

While Huntsman thus founded the cmcible steel 
industry, which has been of incalculable value to thft 
mechanic arts, he met with many difficulties. These 
have been overcome by later inventions, notably thosQ 



Alloy steels. 

of Heath and Mushet, until to-day it is possible, with 

skill and care, to produce a quality of steel which, for 
strength and general utility, has never been equaled, 
despite the claims of some blacksmiths that the steel of 
to-day is not as good as that produced 35 to 50 years agu. 
Competition has rendered it necessary to run cut- 
ting tools, or stock, as the case may be, much faster 
than was formerly the case, which made it necessary to 
make steel containing a higher percentage of carbon 
than was formerly the case. As stated in a previous 
chapter, when high carbon steels are used, it is neces- 
sary to exercise great care in heating for the various 
processes of forging, annealing and hardening. As 
high carbon steels are more easily burned than those 
containing a lower percentage, it is necessary to put 
them in the hands of skilled workmen, for, unless the 
steel is to be worked by men imderstanding its nature, 
it proves to be a very unsatisfactory investment, and 
is often condemned because it will not stand as much 
abuse as a stee! of lower carbon; but if properly 
treated, will do many times the amount of work. 



Alloy Steels. 

In order to accomplish certain results, steel is made 
»ntaining other metals. To distinguish them from 
Iteels, which depend on the quantity of carbon present 
i6r their hardening properties, they m&y jToperly 
B termed "alloy" steels, the amount of the hardening 
roperty present determining the qiiality of the 
As these steels can generally be rim at a higher 
leriphery speed and cut harder metals than carbon 
, they are very valuable at times, and in some 



Self-hardeninE steel. 



re used altogether. As a rule, they are 
easily injured by fire than carbon steel, and, 
quently, extreme care must be exercised when wi 
them. 

When high carbon steel is alloyed with other h 
ening properties, a steel is produced which wrill be ft 
more efficient for machining chilled iron than I 
regular high carbon steels. However, as the natureij 
steel of this character depends entirely oa the a 
and kind of the alloy used and the amount of carta 
present, no fixed rule can be given for the treatmei 
It is always best to follow as closely as possible dire 
tions received with the steel. 

The writer has seen milling machine cutters, punth 
press blanking dies, and other tools, which were to cm 
very hard, "spotty" stock, give excellent results, \ ' 
made from a reliable alloy steel, where carbon st« 
would not stand up. 

If the amount of certain hardening elements be 
increased to a given point, the steel hardens when 
heated red-hot, and is exposed to the air. It is styled 
"Air Hardening Steel, " more generally known, howj 
ever, as Self -Hardening Steel. 

Self-hardening Steel. 

It was not originally the intention of the writer d 
mention self -hardening steel, because there are 
different makes of the article, each differing from I 
other to an extent that the method employed to g-et s 
isfactory results, when using one make, would proH 
entirely unsatisfactory when applied to another. 

Self -hardening steel has a field of its own, and<| 
very useful when made into tools for certain work. 



A common error. 

t used very extensively in cutting hard metals, and 
fm be run at a high periphery speed, because the beat 
generated does not soften the tool, as is the case when 
arbon steels are used. 

No giTieral instructions can be given for working 
he steel, because the composition of the different maken 
raries so much that the treatment necessary, in order 
[hat one brand may work satisfactorily, would unfit 
mother for doing the maximum amount of work pos- 
sible for it to do. 

A very common error in shops where a make of 
this steel is used, and another brand is to be tried, con- 
Bists in attempting to treat the new brand in the same 
manner they have been treating the other, regardless 
of instructions furnished. 

As previously stated, the treatment suited to one 
brand would render another unfit for iise, and as the 
reputation of a brand depends on the results attained, 
|he makers are very careful when selling steel to state 
plainly the treatment it should receive. The buyer 
Bhould see that the directions are followed implicitly. 

When purchasing self-hardening steel, it is advisa- 
ble to investigate the merits of the different makes. In 
practice, certain brands prove best for cutting cast 
iron, while another brand, which will not do as much 
work when cutting cast iron, proves to be more desira- 
ble when working steel. Other brands, which give sat- 
isfaction when made into lathe and planer tools, prove 
useless when made into tools having projecting cutting 
teeth, as milling machine cutters, etc. 

A.s previously stated, the different makes of self- 
tardening steel require different method.^ of treatment. 
Pne gives best results when worked (forged) at a full 
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A few don'ts. 
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Ted heat, while another requires a much higher heat. 
As the steel is leas plastic when red-hot than most 
carbon steels, it is necessary to use greater care in re- 
gard to the manner in which it is hammered, A heavy 
hammer should be used, if alarge section is to be forged, 
as it is necessary to have it act uniformly on the entire 
mass, or the surface portion will be drawn away from 
the interior, and, as a consequence, a rupture will be 
produced. Small pieces should be forged with lighter 
blows, or the steel will be crushed. 

Do not attempt to forge when the temperature is 
lowered to a point where the steel loses its malleability, 
or it will be injured. 

It is very necessary that a uniform heat be main- 
tained throughout the piece. Do not think, when work- 
ing a small section, that it is safe to forge when it has 
cooled to a low red, because some heavier portion has 
not cooled below a full red. 

Do not allow the steel to cool off from the forging 
heat. After forging, place the piece in the fire again, 
and allow it to come to a uniform bright red. Do not 
allow it to "soak" in the fire, but it should be heated 
at this time without the aid of the blast. When it has 
reached a uniform red heat, remove from the fire, and 
allow it to cool in a dry place, not exposed to the action 
of any draft. 

While most self -hardening steels will become hard 
enough when cooled in the air, it is sometimes necessary 
to have the tool extra hard. In such cases, it may be 
cooled in a forced blast. Some steels give better re- 
sults if cooled in oil, others require cooling in hot oil, 
while others may be cooled in hot or cold water. Gen- 
erally speaking, howevtr, it is not advisable to bring 
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Different steels need different treatment. 

most brands of this steel in contact with water when 
red -hot. 

While it is generally admitted that self-hardening 

steels are principally valuable for lathe, planer, and 
similar tools, when cutting hard metals or running at 
high speeds, there are makes which give excellent sat- 
isfaction when annealed and made into such tools as 
milling machine and similar cutters. 

When it is necessary to have the stock in an an- 
nealed condition, it is advisable to procure it in this 
state, as the manufacturer, understanding the composi- 
tion and nature of the steel, is in a position to anneal 
it in a more satisfactory manner than the novice. How- 
ever, if it is considered advisable to anneal it in the 
factory where it is to be worked, it may be accom- 
plished. Different makes of steel require treatments 
differing from each other, the treatment depending on 
the element used to give it its hardening qualities. 
Some brands may be annealed sufficiently to work in 
the various machines used in working steel to shape 
by heating to a bright red and burying in green pine 
sawdust, allowing it to remain in the sawdust until cool. 

Most brands may be annealed by keeping the steel 
in an annealing furnace at a bright red heat for from 
twenty-four to forty hours, then covering with hot sand 
or ashes in the furnace, and allowing to cool. It should 
be about the same length of time cooling as it 
posed to the heat. It is necessary many t 
machine it with tools made of the same quality of steel, 
on account of the natural hardness and density of the 
stock. It is claimed that tools made of certain brands 
of -jelf -hardening steel give better results when cutting 
chilled iron than tools made of high carbon alloy st( 



Get reliable steel. 

The writer cannot substantiate this claim, as he has 
never been able to get as good results as when using an 
extra high carbon alloy steel, properly treated. 

However, it is safe to say that used for machining 
(roughing) work in the lathe, planer, and similar 
machines, can be made to do many times the amount 
of work in a given time than would be the case were 
ordinary carbon steel tools used. 

Much better results may be attained, however, than 
is usually the case, if makers' instructions are implicitly 
followed. 

On account of the rapidly growing popularity of 
certain makes of this class of steel, many swindles 
have been perpetrated by unscrupulous parties, claim- 
ing to be representatives of a reliable house. A toiil 
made, as they claim, from the steel they were selling 
is submitted for trial. It proves to be all that could 
be asked for, and a quantity of steel is ordered sent 
C. O. D. When this is received and paid for, it is found 
to he of no use. Parties purchasing steel of any but 
known and reliable steel concerns do so at a great risk, as 
a number of manufacturers have found to their sorrow, 

Steel for Various Tools_ 



There Is no one topic connected with this work that 
caused the writer so much anxiety as the one under 
consideration, because a temper of steel that gives en- 
tire satisfaction when used in one shop, would not 
r when made into tools intended for the same, or 



Phosphorus m steels. 

nilar purposes, in a shop situated on the opposite 

of the street. Tbis is simply because in one case 
: operator who forged or hardened the tools under- 
»od handling the steel, and in the other case a man 
ptally incompetent was entrusted to do the work. 

Then again, steels of certain makes are more free 

n harmful impurities than others. A steel contain- 

a low percentage of these impurities can safely have 

^ higher percentage of carbon. Certain steels which 

3 low in their percentage of phosphorus can have a 

r amount of carbou than other steels which con- 

n more of this harmful impurity. 

A tool made of 1.4 per cent, carbon steel low in 

bhosphorus will not cause as much trouble as if made 

i.zg per cent, carbon steel containing a greater 

nount of phosphorus, but its capacity for cutting hard 

fmetals, and holding its edge when running at high 

speeds, is much greater. 

Knowing the tendency in many shops to use a high 
carbon steel, and realizing the advantages of so doing, 
the writer would advocate the use of such steels, were 
it not for the fact in many cases the results have been 
anything but satisfactory, because men totally unfit for 
such work were employed to forge and harden the tools 
made from them. 

But it has seemed wise to give the tempers of tool 
steel suited for certain purposes, the reader bearing in 
mind that in many cases it is safe and advisable to use 
a higher carbou, provided due care is exercised when 
working it during the various operations of forging, 
annealing and hardening. As previously stated, steel 
_of a certain mnke and temper giving excellent results 
e shop does not always give satisfactory results in 



^^^^^^H 7'ht: degrees of hardness. ^^M 

^^^HlllptO^M shop on the same class of work. K;no'wiQ^¥ 
^ %i9|B. "CK^erience that the variable factor is the mar. 
^r .TWal^gthe steel, rather than the steel itself, the writer 
^r tas deemed it wise to quote the experience of various 
H steel makers, rather than results of his own persona! ' 
^1 experience. ^ 


^^M Degm of Bmrdn HI 


S2 


Should be used (01 ^H 


V Very hard 
I Hard 

^L Medium hard 

^M Tenaciously hard 
H Tough 
I Soft 


.-5 

I.2S 

■75 
■6S 


Turning and planing tools |^^| 
hard metals, small dr^^| 
gravers. ^H 

Tools for ordinary turning aiia 
planing, rock drills, mill 
picks, scrapers, etc. 

Taps, screw thread dies, 
broaches, and various tools 
for blacksmiths' use. 

Cold sets, hand chisels, ream- 
ers, dies, drills. 

Battering tools, cold-sets, shear 
blades, drifts, hammers, etc. 

Battering tools, tools of dull 
edge, weld steel for steeling 
finer tools, etc. 


^m While the foregoing table gives the tempers of 
H steel that can safely be used for the purposes specified. 
^ft it is many times advisable to use steel of a hig-her per- 
H centage of carbon. 

^1 Then again, it is sometimes best to use a low carbon 
H steel of good quality, in order to get the maximum 
^B amount of toughness in the interior portions, packing 
^m the finished tool in a liox containing charred leather, as 

k J 
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make steel extremelv hard. 



expiaiuecJ under Pack Hardening, and running for a 
sufficient length of time to get an extremely bard sur- 
face when hardened. By adopting this method, it is 
possible to get a cutting surface that will stand up when 
running at a high rate of speed, and yet be strong 
enough to resist extremely rough usage. 

When it is desirable to get the steel extremely hard 
and very deep, in order to allow^ for grinding, and yet 
have the tool stifficiently tough to stand up, use a high 
carbon steel, pack in a box as described, running in the 
fire at an extremely low heat; quench in a bath of raw 
linseed oil. 

In order to provide a guide for use in selecting 
Bteel suitable for various purposes, the following list 
is given. It is the result of the writer's experience, and 
information picked up here and there. A very notice- 
able fact, however, must be taken into consideration, 
namely: mechanics in the same class do not advocate 
the use of steel of like tempers, even when making tools 
of the same kind, to do the same class of work under 
the same, or similar circumstances, so no rule can be 
given arbitrarily. 

The reader should, however, bear in mind that 
steels, which contain impurities to any considerable de- 
gree, cannot safely be used with the percentage of 
carbon mentioned. But as most of the leading steels 
on the market have received their standing because they 
are practically free from these impurities, it is safe 
when using them to use the percentages of carbon 
mentioned. 

There are several makes of crucible tool steel 
on the market, which are exceptionally low in their 
percentage of impurities, and when using these, it is 
lis 



About cast steel. 

safe to use a Jiigher carbon than the one mentioned, 
provided due care is used when heating for the various 
operations of forging, annealing and hardening. 

In the following pages the term crucible steel is 
intended to denote crucible tool cast steel. 

The term cast steel is often misunderstood by me- 
chanics, and many are of the opinion that any cast steel 
is tool steel. Such, however, is not the case, for the 
products of the Bessemer and open hearth processes 
are cast steel in the same sense that crucible steel 
is, yet they are not understood as tool steels, although 
products of both processes which were highly carbon- 
ized have been sold to parties as tool steel. 
Arbors for saws. 

Saw arbors, and similar articles, when made from 
crucible steel are made from a stock containing .60 to 
.70 per cent, carbon. When made from open hearth 
steel the percentage of carbon is about the same, 
although some manufacturers claim good results when 
a lower percentage is used. 

Arbors for milling machines. 
Milling machine arbors when made from crucible 
steel give good satisfaction if a steel of ,70 to .80 per 
cent, carbon is used. Unless they are to be hardened, 
better results are obtained if the steel is worked to 
shape withotit annealing, as it is much less liable to 
spring when subjected to strain in tise. In shops where 
great ntimbers of these arbors are used crucible steel 
is considered very costly. In such cases open hearth 
steel containing .40 to .60 per cent, carbon is often, 
■ used. Many times a stock containing a hight 
centage is used. 



Augers. 

Augers for wood-work are made from crucible 
teel of .70 to .80 per cent, carbon. 

Axes 

are made from crucible steel containing i 00 to 1.20 
per cent, carbon. 

Barrels for Guns 

are made from crucible steel containing .60 to .70 pei 
cent, carbon, while some manufacturers use an open 
hearth steel containing . 50 per cent, carbon, and others 
claim to use the same steel with . 60 or even . 70 per cent. 

Centers for Lathes 

are made of crucible steel containing .90 to i.io per 
cent, carbon. 

Chisels for Working Wood 

are made from crucible steel containing 1.15 tc 1.25 
per cent, carbon. 

Chisels for Cutting Steel, 

where the work is light, give good satisfaction when 
made from crucible steel containing 1.25 per cent. 
carbon. 

Cold Chisels, 

for chipping iron and steel, work well if made from 
crucible steel containing .90 to i.io per cent, carbon. 
Trouble with cold chisels is more often the result of 
poor workmanship than an unsatisfactory steel. 

Chisels for Hot Work 

may be made of crucible steel of .60 to .70 per cent. 
carbon. 
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Chisels for Cold Work, 

for blacksmiths' use, are made iif crucible steel 
taining , 70 to . So per cent, carbon. 

Chisels for Cutting Stone 
are made from . 85 per cent, carbon crucible steel. 

Cutters for Milling Machine Work 

are probably made from a greater range of tempers than 
almost any other tool used in machine shop work, 
some manufacturers never using a steel containing over 
1. 00 per cent, of carbon, on account of the liability of 
cracking. Cracking is, however, a result of careless 
working, and as much more work can be done in a given 
time with a cutter made from a high carbon steel, it 
is, generally speaking, advisable to use such steels. 
Cutters, 2 inches and smaller, may safely be made from 
crucible steel containing 1.35 to 1.40 per cent, carbon. 
Cutters, z to 3 inches, 1.15 to 1.15. Larger than 3 
inches, or if of irregular contour, 1. 10 to i. ao per cent, 
carbon. There are several alloy steels on the market 
which give excellent results when made into cutters of 
this character, provided extreme care is taken in 
heating. 

Cutters for Pipe Cutting 

may be made from crucible steel containing i.a^j 
1. 25 percent, carbon. 

Cutters for Glass 

are made from crucible steel containing 
per cent, carbon. 
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Dies (Threading) for Bolts 



and similar work, made from stock having rough, un- 
even surfaces, may be made from crucible steel con- 
taining .70 to. 80 percent, carbon. However, when the 
dies are hardened by the process described under Pack 
Hardening, steel containing i.ooto i.io percent, works 
nicely, stands well, and holds a good edge. 

Dies for Screw Cutting, 
to be used by hand or in screw machine, may be made 
from crucible steel containing 1.00 to 1.25 per cent, 
carbon. 

Dies for Blanking or Punch Press 
work are made from crucible steel containing ,90 to 
1. 10 per cent, carbon. When the articles to be punched 
are small, and the stock to be worked is hard, steel con- 
taining 1.00 to 1.25 stands better than the lower carbon 
steel for small dies. Some manufacturers use a steel 
containing i.ag to 1.40 per cent, carbon, provided it is 
low in percentage of impurities. When the work is 
not of a shape that requires great strength on the part 
of the die, open hearth steel containing .40 to .So per 
cent, carbon is used. The die in this case should be 
liardened according to directions given for hardening 
tools made from machine steel. 

Dies Used for Swaging 
I'metals are made from crucible steel, the percentage of 
I carbon varying according to the character of the work 
to be done. When the die is not to be subjected to 
very severe usage, a steel containing .go to no per 
cent, of carbon may be used. Where a deeply hard- 
ened portion is desirable, a steel containing 1. 20 to i. 25 
per cent, works nicely. 



are made of crucible steel containing i 
cent, carbon. 



per , 
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Dies for Drop Forging. 

As the product of different steel manufacturers 
varies so much, and the requirements are so varied f'lr 
work of different kinds, it is advisable to submit the 
article to be made to some reliable steel manufacturer, 
letting him furnish a steel especially adapted to the 
work to be done. Ordinarily a crucible steel is used 
containing .40 to .80 per cent, carbon. However, many 
manufacturers consider it best to use a good qtiality of 
open hearth steel contaiuing the proper percentage of 
carbon. Small dies, or those having slender portions 
requiring great strength, are made of the higher carbon. 



Drills— (Rock Drills), 
for quarry work, are made of crucible steel containing 
1. 10 to 1,35 per cent, carbon. 



Drills— (Twist). 

Small drills are made of crucible steel of 1.21 

1. 50 per cent, carbon, while larger drills require a s 



of 1.0. 



File; 



are made of crticible steel of 1.20 to 1.40 percent. 1 
bon. Files of inferior quality are made of open he: 
steel. 

Hammers for Blacksmiths 
use are made from crucible steel of , 65 to , 75 per c 
carbon. 



Hammers for Machinists' 

use are made from crucible steel of .85 to 1.15 per 
cent, carbon. For the ordinary sizes steel containing 
1. 00 per cent, works nicely. 

Hardies for Blacksmiths 
are made of crucible steel of .65 to . 75 per cent, carbon. 

Hobs for Dies 

are made of crucible steel of . 90 to i.oo per cent, carbon, 
when they are to be used for cutting a full thread in a 
die. If they are to be used for sizing only, a steel 
containing 1.20 to 1.25 may be used, as it will hold its 
size and form longer than if made of steel containing 
less carbon. 

Jaws for Bench Vises 

are made from crucible steel of .80 to .90 per cent, 
carbon. Open hearth steel is, however, extensively 
used for this purpose. 

Jaws for Chucks 

are strongest if made of crucible steel containing .85 
to 1.00 per cent, carbon, although many times they are 
made from a good quality open hearth steel. 

Jaws for Cutting Pliers 

are made from crucible steel containing i.io to 1.25 
per cent, carbon. When they are to be used for cutting 
piano or other hard wire, they are made from steel 
containing 1.40 to 1.50 per cent, carbon. 
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Jaws for Gripping 
work in various fixtures are made from crucible steel 
of .80 to .go per cent, carbon. 

Jaws for Pipe Machines 
are made from crucible steel containing j.oo to 1.20 
per cent, carbon. 

Jaws for Screw Threading Dies, 

h&ving inserted jaws or blades, are made of cruci ble | 
steel of J.oo to 1.20 percent, carbon. ^^H 

Jaws for Wire Pullers ^^| 

are made from i.oo to 1.20 per cent, carbon crucible 
steel. 

Knife Blades. 

When crucible steel is used, a stock containing .9 
to 1.00 per cent, carbon is selected. 

Knife Blades, 
to be used for whittling' and general wood -working', are 
made from i.io to 1.25 per cent, carbon crucible steel. 

Knives — Draw Knives 

are made from crucible steel of i.ao to 1.25 per cent. 
carbon. Many times, however, they are made of open 
hearth steel. 



Lathe Tools 

for ordinary work are made of crucible steel containing 
1.25 per cent, carbon. For turning hard metals or 
running at high rate of speed, nse steel containing 
1,40 to 1.60 per cent, carbon. 



Lathe Tools. 

Per turning chilled iron, a high carbon alloy stee! 
works better than a straight carbon steel. 

When it is desirable to run at very high speeds, 
use a self -hardening steel. 

Machinery Crucible Steel 
contains .55 to .65 per cent, carbon. 

Mandrels. 

Custom differs in various shops. Some mechanics 
consider it best practice to make mandrels up to and 
including i inch of crucible steel, and for sizes above i 
inch advocate the use of machine steel, case hardened. 
Others claim best results from crucible tool steel for 
all sizes. Mandrels, however, do not require a steel 
containing as high a percentage of carbon as cutting 
tools. Small mandrels give good satisfaction when 
made from steel of from i.oo to i.io carbon, larger 
sizes made of steel containing .80 to i.oo per cent. 

When mandrels are hardened by the process known 
as Pack Hardening, a steel containing .75 to .90 per 
cent, will give excellent results. 

Mowers. 

Lawn mower knives, .90 to i.oo per cent, crucible 
steel, although in many instances they are made frora 
open hearth steel. 

Planer Tools for Stone, 
.75 to .90 per cent, carbon crucible steel. 

Planer Tools for Wood-working 

machinery are made of crucible sleel containing from 
I.IO to 1.25 per cent, carbon. 
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Planer Tools. 
If the tools are large and the metal to be macnined 
is comparatively soft, crucible steel containing 1.25 
works nicely. If, however, high speeds are desired or 
the metal to be cut is hard, a steel containing 1,40 
to 1.50 per cent, carbon gives better results, provided 
care is exercised in heating for forging and hardening;. 
If the stock to be cut is extra hard or it is desirable to 
run at speeds higher than is practical when using tools 
made from carbon steels, it is advisable to get a reliable 
self -hardening steel. 

Punches for Hot Trimming, 

. S5 to 1.00 per cent, carbon crucible steel. Some mechan- 
ics claim as good results if the punch is made of open 
hearth steel of ,60 to .80 per cent, carbon, while others 
make both punch and die of open hearth steel. These 
tools may be hardened in the ordinary manner or tbey 
may be hardened according to directions for hardening 
tools made of machine steel. 



Punches for Blanking Work 



in punch press. The percentage of carbon desirabi 
depends on the stock to be cut and the skill of the 
operators doing the hardening If crucible steel is used, 
a range of .90 to 1.15 per cent, carbon is allowable, de- 
pending on the character of the work. Many times, 
however, such punches, if of a shape and siae that in- 
sures strength, are made of .40 to .So per cent, carl 
open hearth steel, and hardened as explained uni 
Making Tools of Machine Steel. 

Punches for Blacksmiths 
.should be .6a to .90 per cent, carbon crucible steel 
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Punches for Railroad Track Work, 
about .85 per cent, carbon crucible cast steel is advis- 
able. 

Reamers. 
Small reamers, which are to be used continuously, 
should be made from crucible steel of 1.25 to 1.50 per 
cent, carbon. When they are to resist great strain, 
steel of 1. 00 to 1.25 per cent, may be used. Excellent 
results will follow if steel containing .90 to i.io per 
cent, carbon is used, and the reamer hardened by the 
method described under Pack Hardening. This is es- 
pecially true if the reamer is long or slender, or of a 
shape that betokens trouble when it is hardened. 

Saws (Circular) for Wood, 
about . 80 to . 90 per cent, crucible steel. 

Saws for Cutting Steel 
are made from 1.25 to 1.50 per cent, crucible steel. 

Scrapers for Scraping Surfaces, 
1.50 carbon crucible steel. Although many scraper 
hands claim best results from using a high carbon alloy 
steel. 

Screw-Drivers, 
small, .90 to 1. 00 per cent, crucible steel; large, .65 to 
.80 percent. 

Stamps for Stamping Steei, 
1.25 to 1.50 per cent, carbon crucible steel. 

Shafts for High Speed Machinery 
are many times made from crucible steel, containing 
. 65 per cent, carbon. 

Spindle Steel, 
same as shafts. 

295 



Springs for Ordinary Purposes 



are made from i.oo to i. 
steel. For many purposef 
with satisfactory results. 



[o per cent, carbon crucible 
an open hearth steel is used 



Springs for Locomotives 
are made by some manufacturers of crucible steel con- 
taining .go to 1. to per cent, carbon, and by others of a 
steel containing .So to .go per cent., while in many 
cases very satisfactory results follow if open hearth 
steel, made especially for the purpose, is used. 



Springs for Carriages 



are made from crucible steel containing .80 to .90 pel 
cent, carbon, but many more springs of this character 
are made from open hearth and Bessemer stock than 
from crucible, because it answers the purpose and is 
much cheaper. 

Taps 
are made of crucible steel containing i.io to 1.25 per 
cent, carbon in many shops, while others claim better 
results from steel containing i.zg to 1.40 per cent. 

Taps for Tapping Nuts, 
generally called machine taps, give best results if n 
from steel containing i.oo to i, 10 per cent, carboo. | 
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Causes of Trouble- 




While most of the causes of trouble when steel is 
hardened have been considered under the various 
topics presented, it has seemed wise to group together 
the more common causes, in order that they may be 
referred to more readily by the reader. 

Uneven Heats. 

Probably the most common cause of trouble is un- 
even heating of the piece in forging, annealing or 
hardening. As a consequence, violent strains are set 
up which cause the piece to. crack or, in the case of 
heavy pieces, to burst. The different parts of the piece 
being unevenly heated, must, when cooled, contract 
unevenly; and when two portions of a piece adjoining 
each other attempt to contract unevenly — that is, one 
contracting more or faster than the other — and both 
being rigid to an extent that makes it impossible for 
them to yield one to the other, there must be a separa- 
tion at the point where the uneven temperature occurs. 

High Heats. 

A very common cause of trouble consists in heat- 
ing steel too hot for the purpose. High heats open the 
pores of the steel, making the grain coarse and causing 
the steel to be weak. When the piece is broken, it has 
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Too rapid heating. 

a honeycomb appearance — looks full of holes, so to 
speak. Now, as there is but a very thin layer of steel 
over thess holes, when pressure is applied the surface 
over the holes caves in, and the steel is unfitted for 
doing the maximum amount of work. 

Steel which has been overheated may be restored ' 
■ — unless the heat was high enough to bum or disinte- 
grate the steel — by reheating carefully to the. refining 
beat and quenching; but it can never do the amount of 
work possible, had it not been overheated. Yet, it will 
be much better than if left in the condition the high 
heat placed it. 

Then again, high heats have a tendency to cause 
the steel to crack when hardened. This is especially 
true if the piece be cylindrical in shape. Cylindrically 
shaped pieces will not stand the amount of heat that 
may safely be given a piece of almost any other shape 
without cracking, although the effect on the grain and 
the ability of the steel to stand up and do the maximum 
amoimt of work possible would be the same in any case, 
regardless of the form of the piece or the method of 
applying the heat. 

Too Rapid Heating. 

While it is advisable to heat steel as rapidly as 
possible consistent with good results, it should not he 
heated loo rapidly, as comers and edges will become 
overheated before the balance of the article has reached 
the proper heat ; and even if they are allowed to cool 
down to the proper heat (apparently), the grain has 
been opened at these portions, and violent strains are 
set ^^p. This is one of the places where experience 
seems to be the only guide and where the instructor 
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L only give suggestions, which should be heeded 
nd worked out by each hardener. 

Heating Too Slowly. 

In attempting to avoid heating too rapidly, do not 
go to the opposite extreme and allow the steel to 
"soak" in the fire, or soft surfaces will resnlt, and the 
steel is not as good as if heated properly. 

Fire Cracks. 

There are a number of causes for steel cracking in 
the fire. Among the more common are, first, the cold 
air from the blast, if the work is heated in a black- 
smith's forge. Then again, it maybe heated in a gas 
flame having an air blast. The air may be turned on 
too much, resulting in cold air jets striking the heated 
steel. If a charcoal fire is used, it is the custom of 
some hardeners to throw cold water on the fire. Now, 
_ if the steel is red-hot, the water has a tendency to cause 
jit to crack in the same manner as if the air from the 
(itlast came in contact with it. 

Large articles plunged in a crucible of red-hot 

»d, cyanide of potassium, or any substance where they 

«re exposed to violent heats, are very liable to crack, 

(Specially if there are heavy and light portions adjoining 

ich other, The unequal expansion tears the steel 

iipart at the point where the unequally heated portions 

tdjoin each other. This may be avoided by heating 

]he articles nearly to a red in some form of fire where 

Ht would heat more slowly, then plunge in the lead to 

ring to the desired heat; or, the article maybe im- 

in the red-hot contents of the crucible, left for 

I moment and withdrawn, immersed again, leaving 3 



Improper forging. 

trifle longer, and so continue until it reaches the 
desired heat. 

If a piece of steel is immersed in a crucible of red- 
hot lead or similar material for a certain distance so 
that part of the piece is out of the red-hot material, it 
should be moved up and down in the molten mass, or 
the part below the surface will expand more rapidly 
than the adjoining metal. If the article were im, 
mersed and withdrawn, repeating this operation until 
the desired result is obtained, the heat being applied 
gradually, the expansion is more uniform, and the heat 
is imparted to the adjoining stock so it can yield to an 
extent that does away with any tendency to crack. 

Cold Baths. 

Extrem.ely cold baths are the cause of a great deal 
of trouble when pieces of irregular contour are harden- 
ed. It is nearly always advi.sable, when hardening 
articles made of high carbon steel, to warm the con- 
tents of the bath somewhat. Many hardeners claim 
that oil heated to a temperature of loo degrees to 120 
degrees will harden steel harder than if it were ex- 
tremely cold. It will certainly cause it to be tougher. 

Improper Forging. 

This is the cause of a great amount of trouble 
when steel is hardened. While the writer claims best 
results from steel properly forged, he is aware that 
much better results are obtained from steel machined 
to shape than if the articles were heated or hammered 
in any but a proper manner. 

Steel to be made into tools whose cutting edges 
ate on or near the end should not be nicked with a cbisel 
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and broken, as the purtinns at the end are rendered 
unfit for cutting puqaosea. 

Do not straighten steel that is to be hardened 
without heating it red-hot. 

Do not attempt to harden a tool of irregular shape 
tmless it has "been annealed after blocking oiit to some- 
where near to shape. 

Do not take it for granted that because you have 
held a piece of steel in the fire and stuck it into water, 
it is necessarily hard. Try it with a sharp file before 
brightening the surface preparatory to drawing the 
temper, as much valuable time may be saved if the 
piece should prove not to have hardened. 

When you get a piece of steel that you are in doubt 
about, it is advisable to cut a small piece of it from the 
bar and harden it, noticing the amount of heat neces- 
sary to produce desired results. If this is not done, 
trouble may follow when the article is hardened. It is 
^.better to experiment with a small piece of steel than 
with a costly tool. 

Do not use any but ckemicaily pure lead in a crucible 
jutended for heating tools, or you will not get as good 
jfiults as you might other\vise have. 

Do not think that because the surface of red-hot 

sad appears to be at about the proper heat, that the 

pntents nearer the bottom of the crucible are neces- 

rily of the same temperature; because, generally 

saking, the deeper you place a piece of steel in the 

intents of the crucible the hotter it becomes. Being 

jiorant of this fact, workmen spoil many valuable 

Hides, and then think the lead has an injurious effect 

S the steel, not knowing that it is the amount of heat 

pven rather than the method used in applying it that 



Things to remember. 

^aueed the trouble. Impure lead will injure the su^ 
face of the steel, but will not alter the appearance of 
the grain if the temperature is right. 

Remember that steel heated for annealing should 
not be subjected, to heat for a longer period of time 
than is necessary to produce a uniform heat of the de- 
sired temperature. Steel overannealed does not work 
as well in the various operations of machining, neither 
will it harden and temper as satisfactorily as though 
properly treated. 

Remember that heating is a process of softening 
steel, and cooling is a hardening process. The slower 
the process of cooling is carried on the softer the steel 
will be; consequently, it is never advisable to place 
red-hot steel that needs softening in cold or damp lime 
or ashes. 

Always use a clean fire. Dirty slack fires are a 
source of a great amount of trouble, as they cause the 
surface of the steel to be covered with a sulpbui 

A fire of new coala should be used (when tisin^ 
charcoal fire) for heating steel. Dead coals reqia 
more blast than is good for the steel. 

Ten pieces of steel are cracked as a result \ 
uneven heating to every one that is the result i 
defect in the steel. 

Do not think that because the surface of a hardei 
piece of steel is not scaled that it is not overheat* 
Every degree of heat given it above that necessaryl 
produce the desired result iinfits the steel for doing fi 
maximum amount of work possible for it to do. 

Always harden on an ascending' heat. Never I 
a mile too hot and allow to cool down to ihsprfffigrhi 
301 



About carelessness. 

as the grain of steel remains in the condition the last 
heat leaves it. To refine, it is necessary to allow it to 
cool off, and then reheat to the proper hardening heat. 
It often happens that the hardener is hlaraed for 
things he is entirely innocent of, A man in this posi- 
tion is liable to have enough spoiled work to account 
for that is the restilt of his own carelessness or ignor- 
ance without being obliged to shoulder the short- 
comings of others. It may be that some careless 
blacksmith has forged a tool at heats which unfitted the 
steel for the purpose for which it was intended. He 
■may have heated the steel too hot, and opened the 
grain, causing brittleness, or he may have had uneven 
heats when he was forging, thus setting up internal 
strains which would cause the steel to crack when 
hardened. Then again, the fool maker may have at- 
tempted to straighten the piece without heating it red- 
hot, in which case it is almost sure to spring when 
hardened. Or, in the case of a long reamer or tap, the 
flutes may have been milled with a dull cutter, which 
would, of course, get duller the longer it was used, with 
the result that by the time the last flute was milled the 
tool would have been stretched very materially. This 
is especially true on the side where the last cuts were 
taken, as the cutter would be duller than when the 
flutes on the opposite side were milled, and the uneven 
stretching of the stock would, of course, spring the 
reamer. 

Another diffici\lty would also present itself. The 
dull cutter would glaze the surface of the tooth that 
came in contact with the dulled portion of the mill, and 
any surface of steel which is glazed, whether it be from 
the action of cutting tools or grinding wheels, will not 



The effect of not paying attention. 

harden in a satisfactory manner. This difficulty is 
more pronounced in the case of a piece glazed from the 
action of grinding wheels. While a glazed surface 
might not be considered objectionable, if it was to he 
ground away after hardening, yet it is not always con- 
sidered advisable to grind the cutting faces of reamer 
and milling machine cutter teeth. There is no good 
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3 for using dull tools when machining steel. Not 
only does it lead to trouble when the pieces are hard- 
ened, but it is a means of wearing the tools out muA 
faster than if they were kept sharp. Neither can as 
much nor as good work be done with dull tools. 

It is often the case that a careless workman will 
mill the flutes in a long reamer, tap, or similar tool, 
without supporting the work properly. In this way the 
tool is sprung, first one way, then the other. This 
only results in a crooked tool, but there is no tno' 
where it may go when hardened. Many times 
ened pieces are sprung by heating when grini^ 
This is especially true with pieces that may have 
when hardened. Take, for instance, a long a 
which may have gone in the direction shown in Fig. 
Now, if this mandrel were placed in a grindei 
ground in a manner that caused it to become heal 
the side that is already curved out, as shown in 
would spring still more. 

Many times thin, flat pieces are sprung froi 




What caused the cracks. 

expansion of one side when ground in a surface 
grinder. The side which comes in contact witli the 
' wheel becomes heated, while the opposite side, from 
I contact with a mass of co!d iron — the table — remains 
cool. The side which heats must expand, with the re- 
sult that the piece is curved in the direction of the heated 
side. 

When flat pieces which are hardened are ground 
with a glazed wheel or one too fine for the purpose, 
they are very liable to crack, commencing at the edge 
or end where the wheel leaves the work. Fig. 157 re- 
presents a rectangular gauge which cracked as a result 
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of grinding. The fault was laid at the hardener's door, 
and he, poor fellow, was doing his best to harden the 
gauges in a satisfactory manner, so he said the steel 
was no, good. An investigation showed the cracks to be 
from the end where the wheel left the gauge when 
grinding in the surface grinder. The vise which held 
the piece was turned one-quarter way around, and it 
was found that the cracks were from one side, instead 
of the end of the piece. An examination of the wheel 
revealed the fact that it was too fine for the purpose, 
^ftnd that it was badly glazed, A coarse wheel, free from 



Cracking from [he wrong use of watc. 

glaze, was substituted and the gauges were found to be 
sound after grinding. 

Not only may hardened steel be sprung and cracked 
Jroni heat generated when grinding, but it may also be 
craL'ked if water is run on it, unless due care is observed. 
IE the operation is hurried to the extent that it becomes 
heated, even when the water is running on it, the water 
cools the piece, which is instantly heated again and 



then cooled, 
causes the steel 
to become 
cracked in 
innumerable 
places, these 
cracks running 
in all directions. 
This trouble 
may occur when 
grinding pieces 
of almost any 
shape. The 
cracks may oc- 
cur on the sur- 
face of a cyli 
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Fig. i;g. Disc cracked from being ^^M 
ground too npiiy, ^^H 

drical piece, on the flats of a square, or on the face of 
an article being ground. Fig. 158 represents a disc 
whose face was cracked, as represented, when ground, 
with a stream of water running on the work. The fault 
did not lay in using water, biit in forcing the grinding 
faster than the wheel could properly cut the metal. 

These few facts are pointed out, because it often 
happens that when these troubles arise, the party doing 
the hardening is blamed, and unless he is sufficiently 



A proper emety wheel for cutter teeth. 

versed in the action of emery wheels on surfaces o( 
steel, he naturally thinks the fattltis either in the steel 

or in his method of treating it. 

Very often milling machine cutter teeth are soft- 
ened when ground, the hardener being blamed as a con- 
sequence. It is not good practice to use a very fine 
Brheel when grinding tools of this description, neither 
lould too hard a wheel be nsed. Ordinarly an emery 
isrheel made of 60 to 90 emery will be found about 
bight, and he sure the face of the wheel is not glazed, 
piiould it become glazed, use a piece of emery wheel 
newhat coarser than the one in use to remove the 
glaze. This also makes the face of the wheel open, 
and lessens the liability of heating. 

Many times the writer has seen workmen using a 
1 ground in a manner that made it impossible for it 
cut. It was forced into the stock, and broke it off. 
The tool could not stand this treatment, and gave right 
t, the workman in the meantime saying things about 
s hardener. When the tool was properly ground, it 
worked all right. 

Some mechanics do not seem to realize that there 

1 proper speed to run stock or cutting tools, in order 

) get desired results. As a consequence, they either 

1 them much too fast, with the result the tools can 

t stand up, or they are afraid they will exceed the 

r speed, and, as a consequence, do not produce 

inywhere near the amount of work they might. 

When cutting a key way or spline in a tool that 

; to be hardened, the tool maker shoidd avoid sharp 

ers, as they are an invitation for a crack when the 

I is rapidly cooled in the bath. While an article 

laving sharp comers is not as liable to crack when 
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hardened by the process termed Pack Hardening s^ 
when treated in the ordinary manner, it is not advisabi 
to in any way weaken a. too!, or give it an invitation t< 
crack. Consequently, avoid sharp comers as far as 
possible, or cuts or deep scratches that tend to weaken 
the article. 

A milling machine cutter, made with light, weak 
teeth, can not be made to stand up when In use; the 
teeth being slender and weak, break like pipe-stems. 
Cutters with teeth of this description require greater 
care when hardening, tg avoid overheating. Being 
slender, they spring and break. Do not blame t he | 
hardener if they fail to give satisfaction when in iu^| 

Another source of trouble is fine teeth in mil^^f 
cutters, reamers, and similar tools. The teeth, be^H 
fine, fill with chips, and in the case of milling macbJnt I 
cutters, the oil not being able to get to the teeth, can J 
not conduct away the heat generated, which has the ef ■ | 
feet of drawing the temper to a degree that mak<^^| 
impracticable to use them. T^^ 

A short time ago the writer's attention was cal^l 
to a side tool for use in an engine lathe. The tool was I 
made from a well-known brand of steel, which is gen- 
erally considered one of the best steels on the market j 
It was claimed that the tool could not be made to iJt^M 
an edge on a mild grade of machine stee! running i^H 
periphery speed of 30 feet per minute, taking a fair^^| 

An examination of the tool revealed the fact ^^| 
it was ground in such a manner that the cutting B^H 
had no backing. It might possibly have stood'^H 
if the material being machined had been wood^H 
stead of steel. Because the tool would not st^H 
the bardener was considered as being to blame. W^H 



Why reamers, broaches, etc., break. 



■properly ground, it stood up all right TvUhout re- 
hardening. 

Milling machine cutter teeth are many times ground 
with too great an angla, and the cutting edge, not having 
backing, gives way. Or it may not be given as much 
clearance as it should have. As a consequence, the heel 
of the tooth rubs, and the friction resulting trom this 
contact of the heel of the tooth with the material heing 
machined produces heat, which softens the tooth. It 
is tried with a file, found to be soft, and the hardener 
is blamed. 

Many times the liquid supplied to keep cutting tools 
cool, and to lubricate the cutting edges, can not reach 
the cutting edges of the tool. As a consequence, it 
becomes heated and the temper drawn. This is es- 
pecially liable to happen to tools used on automatic 
screw machine work, where heavy cuts are being taken. 

Twist drills, used in drilling very deep holes in 
steel, are very liable to receive insufficient lubrication, 
unless supplied with oil tiibes, because the oil which 
is fed down the flute is forced back by the action of the 
chips and the angle of the flutes. 

Taps are allowed to become clogged with chips, and 
break ; the hardener is blamed, because the tap, it is 
claimed, is too hard. Broaches break from the same 
cause, and the trouble is placed at the hardener's door. 
Reamers are allowed to become clogged, the cutting 
edge chips off, and it is said the steel is burnt. 

Cases of this character might be enumerated by the 
thousands, but it is needless. The tool maker should 
bear in mind that a place must be provided for the chips 
made when a tool is cutting, or roughly machined sur 
faces or broken tools (possibly both) must follow. 
109 



Welding. 



Wlien it is considered necessary to join two pieces 
of iron, thus making them one, or when it is desirable 
to join the two ends of a bar, thereby making a ring, 
it is accomplished by the process called welding. 

This is of inestimable value as applied to the 
mechanic arts. Not only may iron be welded to iron, 
but steel may be joined to steel by this process. Iixra 
may also be joined to steel. 

It is accomplished by heating the metal to a tem- 
perature that makes the surface of a pasty consistency, 
which for soft steel should be a dark white, for iron a 
scintillating white, while for tool steel it should be a 
bright yellow. The formation of a soft pasty layer on 
the surface of the steel is an absolute necessity, in order 
to effect a union of the pieces of metal. This operation 
is assisted by scattering fusible substances on the sur- 
faces to be united, as the.se protect the work from 
oxidation. These substances are termed fluxes. 
Among those most commonly used are borax, clay, 
potash, soda, sand and sal ammoniac. Ordinary red 
clay, dried and powdered, is an excellent flux for use 
when welding steel, and is one of the cheapest known. 
Korax melted and powdered is called the best of known 
nuxes, but it is so expensive when used in large 



A good flux for welding. 

quantities, that its use is confined to the finest tool 
lels and alloy steels where it is not possible to heat 
3 metal as hot as a lower grade of steel. 
A very good flux, whose cost is about one-half that 
of borax, is a mineral barite, or heavy spar. It does 
not fuse as readily as borax, however, but forms an ex- 
cellent covering for the heated surface of the steel. It 
is necessary to fur- 
nish this coating for 
the surface of the 
steel, in order to pre- 
vent oxidation; for 
if any portion is 
oxidized, no matter 
how small the por- 
tion may be, it fur- 
nishes a starting 
point for a break or 
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fracture when the piece is under heavy stress. 
iough steel may be welded, it is a job to be avoided 
en the welded piece requires hardening. 
Pieces are welded and afterwards hardened which 
remain intact, but it is not advisable unless the weld is 
3 be made by a smith skilled in this particular branch 
f the business, and even then it is attended with vary- 
Wing results. 

The writer was at one time connected with a 

fcinanufacturing concern who built 50 machines for 

jswaging wire. The operation of reducing the diameter 

f the wire was accomplished by dies known as swag- 

ag dies. These were actuated by hammers working 

nside of a large ring. This ring was made of tool 

el, and in order to save expense, it was considered 
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Why the piece broke at the weld. 

advisable to take flat steel of tbe desired size to s 
for finishing all over, bend in the form of a ring and 
weld the ends. A very skillful smith was given the 
job, but when finished and hardened, the rings broke 
apart at the weld. When broken to examine the grain, 
it was evident that 
the smith had used 
extreme care, yet 
a small portion of 
the welded surface 
was found to be 
oxidized; conse- 
quently, it could 
not unite at that 
place, and a rup- 
ture started 
that point. 

The method 
procedure 
changed, stock 
sufficiently large 
was procured and 
split, as shown in Fig. 159. It was then opened until 
it resembled Fig. 160, and was afterward hammered 
to shape. Before shaping by hammering, however. 
the sharp comers were removed by means of a chisel. 
After machining to the desired size to allow for grind- 
ing, they were hardened as described under Hardi 
ing Large Rings, with the result that not one 
lost. 

While steel can be welded if great care is usi 
is very apt to result disastrously if the steel is to 
hardened. Not only has this been the writer' 
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Substitute for borax. 

S; but it seems to be the experience of most 
practical writers on the subject. 



Other Things. 

r 

Substitute for Borax. 



^H The following' rule for preparing a substitute for 

^•*t)orax for use in welding bigh carbon tool steel was 

given the writer several years ago by a blacksmith who 

was considered as an expert, in welding steel. He 

—claimed that steel could be welded by use of this flux 

t a lower temperature than is required with borax: 

Copperas 2 ounces. 

Common Salt 6 " 

Saltpetre i ounce. 

Black Oxide Manganese. 1 ' ' 

Prussiate of Potash i " 

All pulverized and mixed with 3 lbs. good welding 

Charred Leather. 

While it is po.ssible to purchase charred leather of 
ft desirable quality, so much depends on the condition 
' this article that it is always advisable to prepare it 
1 the shop where it is used, if possible. 

Use heavy leather, as scraps left when shoe soles 
are punched. Never use light leather, as there is little 



Charred bone for colors. 

goodness in it after charring. The very best article for 
the purpose can be procured from shoe shops. 

To char the leather, fill one or more hardening 
boxes with small pieces, place the cover in position and 
seal with fire-clay. Place in the furnace, leaving it 
just long enough to char sufficiently, so it can fae pounded 
fine. Do not expose it to the action of heat long enough 
to destroy the "goodness" of the leather, 

A very satisfactory method is to fill boxes, 9x9x36 
inches, with the leather scraps, sealing the covers as 
described, and placing them in the furnace at night 
after the work has been withdrawn. The remnant of 
fire and the heat of the furnace are sufficient to char the 
leather during the night. As previously stated, do not 
overcbar. It should be exposed to the action of heat 
only long enough to 'break in pieces readily when 
pounded. If smaller boxes are used, it is not advisable 
to leave in the furnace over night. They must be 
watched, and taken oiit when the leather is chai 
sufficiently. 



Charred Bone for Colors. 

It is necessary, in order to obtain nice colors, : 
the work be polished and absolutely clean ; unpoHs 
surfaces will not color. Grease also prevents the ^ 
taining of satisfactory work. 

Pack the work in boxes as previously descrilx 
except that charred bone is used as packing material. 
When it has run the proper length of time, remove the 
box from the furnace, and dump into a tank of wat^ 
having a jet coming up from the bottom. Better colt^ 
are obtained if a bath is used having an air pump ca 



How to char hone. 

nected with the inlet pipe, as illustrated in Fig. 134. 
This shows an easy way of putting in an air pipe, 
connected with inlet water pipe. Soft water in the 
bath gives much better results than hard, although 
very satisfactory results may be obtained with hard 
water if the air pipe is connected as described. 
When hardening for colors by the method under con- 
sideration, it is essential that the box be held very clo.se 
to the top of the water when dumping the work ; the 
box should be inverted quickly, to prevent the air 
striking the work before it reaches the water. If the 
air comes in contact with the metal, the surface as- 
sumes a blue-black color. This is sometimes desirable, 
but not in connection with work packed especially for 
hardening for colors. 

When the work is cold, it may be removed from the 
bath and boiled in clean water. Dry in sawdust, and 
oil the surface either with sperm oil or vaseline. This 
e effect of making the colors more prominent, 
nd it will also keep the steel from tarnishing or rusting. 

To Char the Bone, 

. is sometimes considered desirable to use bone 
Sither than leather, and it is thought that the expended 
article would not give the necessary hardness. Yet it 
may be necessary that the articles be tough. This may 
be accomplished by taking raw bone, filling a small 
hardening box with it, placing the cover in position, 
and sealing with fire-clay. When the day's work of 
hardening is taken from the furnace, the box may be 
placed in it, the door shut, the fire extinguished, and 
the box left until morning. If the furnace is one 
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the bone. 



having light walls, that would lose their heat rapidly, it 
would be found necessary to apply the heat for a time. 
The hone will be found charred when the box is opened. 
Care should be observed that the charring' is not over- 
done, however. 

Charred bone may be used as packing material 
either alone or with an equal quantity (in volume) of 
granulated wood charcoal. 

Preserving the Bone. 

When the hardened articles are removed from the 
bath, the water may he drawn off, and the packing ma- 
terial taken out and dried. This may be done by 
placing it on top of the hardening furnace, if that be of 
sufficient size; if not, it may be spread out thinly and 
allowed to dry. This is the expended bone previously 
mentioned. 

Expended bone may be used for packing certain 
classes of work in, or it may be mixed with an equal 
quantity of granulated raw bone and used the same as 
raw bone. Or it may be used for packing machine 
steel forgings or small articles of cast iron for aa- 
□ealing. 



High Speed Steels. 



During the past few years various makers have placed 
ii the market steels that have revohitionized certain man- 
facturing methods. Cutting tools made from these steels 
rill retain a cutting edge when extremely high speeds are 
faployed ; they are also useful when machining stock, 
Hch is too hard to be machined by ordinary tool steels, 
P This grade of steel when adopted by a certain con- 
em allowed them to reduce the expense of machining 
took to a degree that made it necessary for their compet- 
:or to use it also, in order to produce his work at a sim- 
ar cost. As the steel was used it was found that the ordi- 
ary machine was not strong or stiff enough to do the 
^ork the tools made from it were capable of doing, and 
or this reason many concerns have found it necessary to 
urchase machinery made especially to accommodate these 
xils. 

Extravagant claims are many times made by the 
lanufacturers of these tools, claims which it seems were 
etter not made; because the man who attempts to dupli- 
ate them and fails, not only loses faith in them but is 
keptical regarding other steels when his attention is 
rought to them. 

Failure to realize all that has been claimed for the 
lei may n' ' " vs be the fault of the steel ; it may come 
317 
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from other causes. First, the operator not being familiar 
with the nature of the steel, may fail to treat it properly 
when making it into cutting tools. Then again the stock 
being machined with the tools may be entirely differenti 
composition from that used when making the tests. 

It is an unfortunate fact that most tests are ma 
with nice, clean, easily machined, cast iron when that h 
the material used ; or with soft machinery steel, free frojn 
hard spots. Now every mechanic knows that cast iron 
as it comes from the ordinary foundry to the machine 
shop, is a varying factor ; it may machine easily and we 
may be able to get high speeds even when takir^ heavy 
cuts, and using coarse feeds ; on the other hand, the com- 
position may be such that the same tool would not stand 
up if we were to run it only half as fast as when machin- 
ing the softer metal. 

At one time while making experiments with one of 
the best known makes of high speed steels, the writer was 
able to run a piece of cast iron in the lathe at a speed of 
lOO feet per minute, the cut was 1-16 inch (removing Jj 
inch of stock) and the feed 20 to i incli. The tool stood 
up nicely and turned the entire length of the piece widi- 
out dulling so that it was noticeable. When we attempted 
to turn another piece from the same pattern which was 
cast from a different mixture it was found impossible to 
retain a cutting edge on the tool if a speed of 45 feel per 
minute was exceeded, retaining, of course, the same depth 
of cut and relative feed. 

Results even more noticeable than those mentioned 
above are experienced when cutting what is familiarly 
known as machinery steel, as unfortunately all grades oV 
steel between wrought iron and tool steel are classed under 
hs head of machinery steel. 
3:8 



■ Results are comparative. 

H These facts are not mentioned to in any way belittle 

Hfhe value of the steel onder consideration, but to show the 
B:reader that he should not get discouraged when he fails 
Bio get results paralleling those claimed by the makers of 

■ the steel. The only fair method of judging; of the value 
Hof the stee! to the individual is to test in comparison with 
H tiie best tool he can obtain, from tempering steel. 

H Because a tool will not stand up on cast iron running 

B.at too feet per minute, as claimed by the maker of the 

* steel, is no proof the steel is no good. It might have stood 

all right at 90 feet, and perhaps a tool made from ordinary 

tempering steel might not have stood a speed of 30 feet; 

in which case the high speed steel was capable of doing 

more than three times the amount of work of the other. 

Many times a difference in cutting speed of only a 

few feet per minute will cause a tool to either stand well, 

lOr go down. 

There is no general set of instructions that can be 
■pven for working this steel, as a method that proved 
■jperfectly satisfactory on one would render another unfit 
,for use. For instance, the writer at one time contributed 
■an article to one of the mechanical Journals on the subject 
■of "High Speed Steel," recommending extremely high 
heats when hardening. Shortly after the appearance of 
^e article a tetter was received from a manufacturer of 
a brand of this steel, saying he had read the article with 
^uch interest and agreed with everything in it except 
^e temperature necessary when hardening, as they had 
found their steel gave best results when it was hardened 
jKt a law cherry red heat. 

A trial of a tool which he sent proved it to be equal 
or superior to some that were hardened at the high heat 
pientioned. 



Follow maker's directions. 

To get satisfactory results with any brand the 
using the steel should follow instructions sent with 
steel as closely as possible. 

It is evident to the writer from results of his m 
experiments and the experience of others, that when this 
steel is thoroughly understood, results way beyond those 
we are at present getting will be obtained marvelous 
they s'eem now. 

While the writer has made extensive experimi 
with the steel under consideration, and has taken advan- 
tage of every opportunity to study its composition, this 
study has been confined to printed statements made by 
those who claim to possess this knowledge. 

Knowing, however, that the successful man in 
line of business is he who, by studious effort makes ! 
self master of his subject, — what is more natural 
that the student considermg this subject should be anxit 
to know the composition of this steel. 

The following is an abstract of a paper read by 
J. M. Gledhill before the "Iron and Steel Institute,'" 
ber, 1904: 

The high speed steels of the present day are combini 
tions of iron and carbon with; (i). Tungsten, Molyb- 
denum and Chromium. 

We will consider the influence of each of the elemi 
entering into the various compositions. 
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Influence of carbon 
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A number of tools were made with the carbon 
centage varying from 0.4 per cent, to 2.2 per cent, 
the method of hardening was to heat the steel to the high- 
est possible temperature without destroying the cuttii^ 



Carbon and chromium 



idge, and then rapidly cooling in a strong air blast. By 
jhis simple method it was found that the greatest cutting 
Riciency is obtained where the carbon ranges from 0.4 
per cent, to o.g per cent, and such steels are comparatively 
tough. Higher percentages are not desirable because 
greater difficulty is experienced in forging the steels and 
the tools are inferior. With increasing carbon contents, 
ithe steel is also very brittle, and has a tendency to break 
with unequal and intermittent cutting. 

Influence of Chromium 

Having found the best carbon content to range from 

16^ per cent, to 0.9 per cent., the next experiments were 

e to ascertain the influence of chromium varying from 

■l.o per cent, to 6.0 per cent. Steels containing a low 

>er centage are very tough and perform excellent work on 

he softer varieties of steel and cast iron, but when tried 

n harder materials the results obtained were not efficient. 

iVith an increased content of chromium the nature of the 

steel becomes much harder, and greater cutting efficiency 

is obtained on hard materials. If was observed that with 

ase of chromium there must be a decrease in car- 

ilxin to obtain the best results, for such percentage of 

ihromium. 

Mention may here be made of an interesting experi- 
:nt to ascertain what effect would he produced in a rapid 
teel by substituting vanadium for chromium. The 
mount of vanadium present was 2,0 per cent. The steel 
sadily forged and worked very tough and was hardened 
Y heating to a white heat and cooling in an air blast. This 
«1 when tried on medium steel stood well, but not better 
1 the steel with the much cheaper element of chromium 



Other alloys. 
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ngsten 



This important element is containeil in by far the 
greater number of the present high speed steels in use. 
A number of experiments were made with the tungsten 
content ranging from 9.0 per cent, to 27.0 per cent. From 
g.o per cent, to 16.0 per cent, the nature of the steel be- 
comes very brittle, but at the same time the cutting effi- 
ciency is greatly increased and about 16.0 per cent, ap- 
peared to be the limit, as no better results were obtained by 
increasing the tungsten beyond this figure. Between 18.0 
per cent, and 27.0 per cent, it was found that the nature 
of the steel altered somewhat and that instead of being 
brittle it became softer and tougher, and whilst such 
tools have the property of cutting very cleanly they do not 
stand up so well. 

Influence of Polybdenum 

The influence of this element is still under invest 
tion and our experiments with it have produced excellent 
results, and is was found that where a large percentage 
of tungsten is necessary to make a good rapid steel, a con- 
siderable less percentage of molybdenum will suffice. A 
peculiarity of these molybdenum steels is that in order to 
obtain the greatest efficiency they do not require such 
a high temperature in hardening as do the tungsten s 
and if the temperature is increased above 1,800 degrei 
the tools are inferior and the life shortened. 
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Influence of Tungsten with Molybdenum 

It was found that the presence of from 0.5 per 

to 3.0 per cent, molybdenum in a high tungsten steel 

slightly increased the cutting efficiency, but the advantage 
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W Influence of silicon. 

gained is altogether out of piopuitioii to Uic cost of the 
added moiybdenum. 

influence of Silicon 

A number of rapid steels were made with silicon con- 
tent varying from a trace up to 4.0 per cent. Silicon sen- 
sibly hardens such steels, and the cutting efficiency on hard 
materials is increased by additions tip to 3.0 per cent. By 
increasing the silicon above 3.0 per cent., however, the 
cutting efficiency begins to decline. Various experiments 
were made with other metals as alloys, but the results 
obtained were not sufficiently good by comparison with 
the above to call for comment. 

Analysis of one of the best qualities of rapid steels pro- 
duced by Mr. Gledhill's firm (Armstrong Whitworth 
Co.), is as follows: "A. W." steel Carbon 0.55 per cent; 
Chromium, 3.5 per cent.; Tungsten, 13.5 per cent. 

Tools made from high speed steels in order to give 
best results when heavy cuts and coarse feeds are em- 
ployed, should be made of a form that insures strength 
and rigidity and must cut freely. Many times tools are 
made having very Hltlc clearance on the portion that pene- 
trates the stock as shown at A Fig. 161 ; now if a coarse 
feed is employed it is apparent that such a tool will bear on 
the stock below the cutting edge, as a consequence the tool 
cannot cut as rapidly as the lathe carriage is traveling 
and it must turn in the tool post. If the operator is not 
attentive he will not observe the trouble, and in order to 
securely fasten the tool he wiU tighten the binding screw 
so tightly that he either breaks the tool post binding screw 
or he succeeds in binding the tool so it cannot turn, and 
the feed belt slips, or the pressure against the stock actu- 



Shapes of high speed steel tools. 

ally crowds off a portion uf the cutting t-dge of the tooiT 
It is necessary when taking heavy .cuts with coarse feeds 
to give a too! sufficient clearance as shown at B. Fig. i6i, 
so no part of the tool below the cutting portion will touch. 
Too much clearance, of course, weakens the tool and is to 
be avoided. 

While slender side tools, diamond point, and similar 
tcwis, give excellent results when made from high speed 




steel, the more noticeable results are obtained ^hen heavy 
cuts are taken. To accomplish this it is necessary to use 
tools which are stubbed and strong and having as little 
lop rake as is consistent with fairly easy cutting. For 
this reason tools having portions standing out from the 
shank (as a diamond point tool) are not generally satis- 
factory, A tool made as shown in Fig. 162, will be found 
to give best results when heavy cuts are taken. 

fttany tools are on the market which use separable 
cutters. These cutters may be of high speed steel which 
can be purchased in any of the common forms and sizes. 
The steel as it comes in the bar is glass hard unless it is 
ordered annealed. However, if best results are desired, 
it is advisable to harden it before using even when it is not 
necessary to forge it to shape. 



To anneal or not to anneal. 

I£ it is desirable to have the steel in the annealed con- 
dition, better results are obtained, generally speaking;, if it 
is purchased in this condition, than if annealed in a shop 
^ that does not have the necessary facilities for maintaining 
I heat for a considerable lengtli of time. 

There is a difference of opinion among mechanics 
r this Steel as to effect of annealing on tlie hardened 



Figriii'B '^i- A goni tool for heaT;- cuts. 

ol, some claiming that tools made from steel that has 
;en annealed will not stand as mucli as if made from 
that had not been annealed, while others claim best 
esults from steel that has been annealed. The writer in 
lis experiments has failed to notice any material differ- 
nce, provided due care had been experienced in the var- 
Dus operations. 

The writer saw not long ago some drills made from 
lars of a well-known brand of this steel which was not 
omealed. The steel was flatted, then twisted to shape 
phile hot. After being hardened they were ground to 
ize. They certainly stood up much better when tested 
ban drills marie from other brands whose grooves were 
Billed from annealed bars. Whether the difference was 
lue to the fact that one steel was annealed and the other 
Krt, or to the difference in the method of making, the 
Writer is not ready to say. This much he does know ; the 
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Annealing high speed steel. 

drills referred to were heated to a high heat and quenched 
in luke warm brine, while no one knew how the others 
were hardened. It would not be safe to dip some brands 
of this steel in brine, while others work nicely when tools 
of certain shapes are hardened in it. 

When making certain tools, as taps, milling' machine 
cutters, dies of various kinds and similar tools it is neces- 
sary to anneal this steel in order that it may be worked 
to shape, andi unless it is properly annealed it is very try- 
ing, as well as extremely costly, to attempt to machine it 
to form. 

The writer has made exhaustive experiments in the 
annealing of this steel and has found that some of the 
methods advocated, work in a manner that is anything 
but satisfactory. It is necessary to pack the stee! in the 
annealing box with' some substance that will exclude the 
air as much as possible. For this reason charcoal has not 
worked as well as other substances. Lime, if used as a 
packing material, insures a good anneal if the process is 
carried on properly ; but appears to leave a heavy hard 
scale on the outside. Some claim good results from a mix- 
ture of lime and charcoal ; this the writer has not tried be- 
cause excellent results were obtamed by packing the stee! 
in dry ciay in an annealing box, the cover being put in 
place and sealed, the box placed in the furnace and the 
steel heated to a yellow. It was allowed to cool as slowly 
as possible. The exact temperature necessary to heat the 
steel, in order to get satisfactory resuhs depends some- 
what on the steel used and also on the size of the piece. 
Smaller pieces do not require quite so much heat as larger 
ones, neither should they be subjected to heat for as 
a length of time. 

The following method is practised in a shop thi 
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Annealing materials. 

laeals over a ton of high speed steel per day. This steel is 
pf several makes and ihc method seems to apply equally 
well to any of them, and is as follows: The steel is 
{tacked in long pipes with a mixture of charcoal, lime. 
and cast iron chips in equal quanities. The steel is placed 
in the furnace in the morning and subjected to heat all 
day the temperature which as gauged by a p)Tometer, is 
between i,6oo and 1.700 degrees. The steel is allowed 
to remain in the furnace all night and cool off with it. In 
the morning the tubes containing the steel are removed 
from the furnace, covered with hot ashes and allowed to 
rcool as slowly as possible. 

While this method appears to give excellent results, 
I have obtained best success with fire clay as a packing 
tfnaterial ; either material may be used over and over with 
good results. 

The idea prevails among some mechanics that this 
steel after being hardened cannot be annealed and then 
-hardened again. While I have never experimented along 
Ihese lines with all the different makes I have with sever- 
ial of them, and found no trouble when the tool was re- 
jjeatedly annealed and hardened. I could not detect any 
difference in the cutting qualities of the tool after it had 
jeen hardened four or five times. 

One objection raised against this steel for tools to be 
used in the lathe or planer, where the tool was held in a 
tool post and thereby subjected to the breaking strain in- 
cident to the manner which it was held, is, that the steel 
broke in the tool post when heavy cuts were being taken. 
This trouble may be avoided by annealing the bar, or cut- 
,ting it to proper lengfths and annealing, after which the 
ftool may be forged and hardened. It is not considered 
^ood practice to attempt to harden tools made from this 



Handle according to conditions. 

steel any where except on the cutting end, thus leaving 
the portion in the tool post sufficiently tough to resist the 
breaking action of the screw. 

When annealing the steel for the purpose just men- 
tioned above, it is not necessary to be as thorough as when 
it is to be worked with cutting tools, and it may be ac- 
complished by heating the steel to a low yellow heat and 
burying in red hot ashes (or lime which has been thor- 
oughly heated before the steel is placed in it), it is neces- 
sary to thoroughly protect it from the chilling effects of 
the air, or any material which is cold or damp. 

In order to get satisfactory results in the hardened 
tool it is necessary after forging, to reheat the tool to a 
full red and allow it to cool off, thus reheving the strains 
incident to forging; when coo! it may be reheated and 
hardened. 

While the amount of heat necessary to insure best 
results when hardened steels of different makes cannot be 
stated arbitrarily, it is claimed for most of them that a full 
red heat should be employed when forging. However 
some makers claim best results for their steel if it is healcil 
to a full yellow (above 1,850 degrees), at which tempera- 
ture it is soft and easily worked. The forging proceeds 
until the temperature lowers to a good red, say 1,500 
degrees, when work on the piece should cease and the steel 
reheated before forging is removed. It is, however, best 
to get instructions from makers of the steel, as to the tem- 
perature that insures best results, before doing any w^^k 



In case of the smith who carefully observes the'^H 
tion of heat on steel I claim that he can, in a short time, 
find out more about the proper heat and method of work- 
ing a given brand of Ihis steel in order that tlie tools nu>' 



How to work high speed steels. 

^ve satisfaction in the shop whose condition he under- 
stands, than it is possible for him to learn from any in- 
structions the maker can furnish, because these instruc- 
t ions must of necessity be general and cannot apply to the 
^barying conditions found in the individual shop. The 
^^^eful smith will soon find out for himself at what heat 
^^le steel works best under the hammer. The heat should 
be one that allows the stee! to work nicely. While the 
maker of some of these steels claim good resuhs when it 
I is placed in the hands of men who are not specially skiU- 
^Lful in the manipulation of steel, I think I am safe in say- 
^wig that when forging most brands, it is necessary to exer- 
Bcise greater caution than when forging high carbon steels, 
• and every smith knows they are extremely sensitive. 

If the steel is hammered when it is not hot enough 
the grain is fractured. If large pieces are being worked, 
the blows should be sufhciently heavy to cause the steel to 
flow as uniformly as possible ; heavy blows with a heavy 
hammer should not be given a light section. The forging 

Beat must be uniform, that is, the piece must be as nearly 
s possible of the same temperature at the center as the 
arface. 
< Blacksmiths are sometimes careless when workmg 

these steels, thinking that because high heats when hard- 
ening are essential to good resuhs, any heat will do for 
This is a great mistake as the steel is extremely 
isitive hut requires high heats when hardening to give 
e desired cutting qualities. 

A common mistake and one that has proved very 

jstly to many concerns, consists in changing from a steel 

lat has been giving satisfactory results for another 

Sfhose only recommendation is that the representative 

ihows testimonials from parties who have used it and 

3"J 



About following instructions. ^H 

claim results way beyond what is being received from wP 
brand they are using. In all probability the other parties 
are machining a stock entirely different in composition and 
as a consequence are able to get more work out of the 
tools. 

The writer would not be understood as saying we 
should always "let well enough alone" and continue to use 
an inferior article while his competitor was getting the 
best and as a consequence is leaving him way in the rear, 
But many times parties have discarded one steel and 
adopted another which was no better and in doing so they 
have adopted a steel that required different treatment from 
the one they were using at first. The smith not realizing 
this fails to treat it properly and the results are not as 
satisfactory as with the first. 

If steels of different makes are used they should be 
distinctly marked and the smith should be given explidt 
instructions for working each. Generally speaking, how- 
ever, it is poor policy to have several makes of this steel 
around at the same time. 

The operator should follow instructions accompany- 
ing the steel to the letter, unless experience has convinced 
him and all concerned that some other method of treat- 
ment is better adapted to their needs. 

However the instructions given do not always in- 
struct, and sometimes the men sent out by the steel con- 
cerns as demonstrators know less about the steel they rep- 
resent than the smith whom they are supposed to teach. 
This does not necessarily prove that the steel is of no 
value. 

The smiths who are the most successful in handling 
these steels are the ones who are ever on the lookout for 
knowledge, and learn all they possibly can of its nature, 



Heating for forging. 

and the treatment best adapted to the needs of the shop 
they are in, 

I think most blacksmiths who have had an extensive 
experience working high speed steels prefer a fire of coke 
when heating for forging. 

Heating for Forging. 

We have been taught from the time we first hardened 
I. piece of steel that high heats were to be avoided, that 
toe lower the heat the more serviceable the tool, provided, 
pf course, it was sufficiently high to accomplish what wc 
jdesired. Now a steel is given us which requires a full 
white heat in order to give it a condition that insures doing 
fcwhat we expect of it. That is, most makes of this steel 
■require the high heat mentioned. If the tools to be hard- 
aied are of a form that are not injured by scaling they 
may be heated in an open fire in an ordinary blacksmith's 
I forge. If, however, taps, reamers, milling machine cut- 
ters, or any form which would be injured by scaling arc to 
be hardened, they must be heated in a gas or other furn- 
ace especially made for high heats, or in a crucible of lead 
lieated to the proper temperature. The lead being at a 
rery high temperature the surface has a tendency to oxi- 
: very rapidly ; this can be prevented somewhat by 
lacing powdered charcoal on the top, which must, of 
»urse, be renewed frequently. 

A very satisfactory method of heating specially 
iormed tools of high speed steel, such as taps, dies, milling 
litters, reamers and similar tools, is a muffle furnace of 
^lecial design, heated by oil or gas. This furnace has two 
^ambers one above the other. The lower chamber may 
; heated to a temperature of 2,200 degrees Fahr., and 



Hardening apparatus. 

the temperature maintained uniformly, while the upptr 
chamber is not heated nearly as hot. The tools may be 
slowly heated by placing on top of the furnace in a tem- 
perature that does away with the tendency to crack when 
they are subjected to a higher heat. While in the upper 
chamber they can be brought to a red heat. It is now safe 
to place them in the lower chamber and allow them to re- 
main until they are of the proper temperature for hard- 
ening. 

When electric current is available an excellent method J 
of heating may be had that is rapid, reliable and easily 
controlled. The description of this method is taken from 




the abstract of paper read by Mr. J. M, Gledhill previously 
referred to. A brief description of this kind of heating 
may be of interest. 

One method adopted for electrically heating the 
points of tools, and the arrangement of apparatus is shown 
in accompanying cut. Fig, 163, It consists of a cast-iron 



When a forge must be used. ^H 

tank of suitable dimensions, containing a strong soIuttO^ 
of potassium carbonate, together with a dynamo, the posi- 
tive cable from which is connected to the metal clip hold 
ing the tool to be heated, while the negative cable is con • 
nected direct on the tank. The tool to be hardened is held 
in a suitable clip to insure good contact. Proceeding to 
harden the tool the action is as follows : 

The current is first switched on and then the tool is 
gently lowered into the solution to such a depth as is re- 
quired to harden it. The act of dipping the tool into the 
alkaline solution completes the electric circuit and at once 
sets up intense heat on the immersed part. When it is 
seen that the tool is sufficiently heated the current is in- 
stantly switched off, and the solution then serves to rapid- 
ly chill and harden the point of the tool, so that no air 
blast is necessary. 

If it is necessary to heat in an ordinary forge when 
hardening lathe, planer and similar tools, the point only 
of which needs hardening, a good large fire of well coked 
coal may be used, making sure that the fire is large enough 
so that no air from the blast inlet will strike the heated 
portion, When the desired heat has been obtained the tool 
is then held in a strong air blast of generous proportions. 
Best results are obtained if the point of the tool is held 
several inches away from the nozzle of the blast pipe. If 
an air blast is not available, dip the point of the tool in oil, 
raw linseed, cotton seed oil, or almost any fish oil will 
answer. 

After hardening the tool may be ground to shape, and 
it is ready for use, unless projecting portions or light sec- 
tions necessitate drawing the temper to insure sufficient 
strength. The object attained in drawing the temper is 
that the brittleness is reduced so the tool will not break 
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Heating for hardening. 

when subjected Lo shock and strain incident to culling, 
When the temper has been drawn the desired amount, lay 
llie tool to one side and allow it to cool slowly where no 
current of air can strike it. Do not quench it when the 
proper temperature is reached for while it is safe to plunge 
certain shapes of tools made from this steel in hot water 
when at a high heat, it is not safe to quench them at 
tempering heats. 

If such tools as milling machine cutters, taps, reamers 
and similar tools are to be heated for hardening, it is nec- 
essary to remove them from the oxydizing action of tlie 
air when at the high heat. To accomplish this they may 
be heated in specially constructed furnaces as previously 
described, or in a crucible of lead. The furnace described 
is so designed that there are three steps in the heating 
operation ; first the cold cutter is placed on top and heated 
somewhat, so it is possible to subject it to a red heat with- 
out cracking it as would be the case if the cold steel were 
subjected to tlie red heat. After becoming heated some- 
what it is placed in the upper chamber where it is gradual- 
ly heated to a full red heat; it is then placed in the lower 
chamber and heated to the proper temperature to insure 
desired results. 

If the furnace used has but one chamber it is neces- 
sary to heat the tool to a red in an open fire or where it 
may be heated slowly ; it may then be placed in the furnace 
and given the desired temperature. 

Now, while a crucible of lead is many times used to 
heat tools made from high speed steels for hardening, its 
use as a permanent means of heating is hardly to be ad- 
vocated as the lead oxidizes very rapidly and the fumes 
are poisonous. For the same reason that it would not do 
to place a cold tool in the chamber of the furnace, it is nee- 



Cue IB hardening. 

iry to heat articles red hot before piuiigjiig in lead 
leated to a white heat. If the tool was immersed when 
;old into lead heated to the temperature meniioned it 
vould spring or crack from the sudden expan^on of the 
>uter surface of tlie steel. The tool should be allowed to 
emain in the lead just long enough to insure a uniform 
leat of the proper temperature. 

If comparatively large tools are to be heated in the 
ead, the crucible should be of generous proportions, or 
ibe contents will be cooled so much by immersion of the 
steel that the temperature will be lowered to a point that 
will necessitate reheating to bring it to the high heat 
required. 

At times the operator is deceived as to the proper heat 
ty attempting to get heats that insure a hardened surface 
that cannot be touched with a fire. The steel may be so 
liard, a file will have no impressiwi on it and yet fail to 
give satisfactory results. Again, tools which are hard- 
ened at the temperature necessary to give (bis, may leave 
^e temperature drawn until they file readily and still 
itand up nicely when tested at high speeds and heavy cuts, 
["he intense heat is necessary to bring about certain chem- 
::al changes necessary to give desired results. 

When the tool is heated to the required temperature 
t may be plunged in a bath of raw linseed, cotton-seed, or 
.sh oil, and allowed to remain until cool. If it is an end 
lill, excellent results are many times obtained by quench- 
ig in boiling water, or hot brine. It is necessary to re- 
lember, however, that only the portion heated to a while 
nay be put in water, or the part which is not so hot is 
iable to crack. 

The writer's experience in hardening taps does not 
/arrant his advising the use of lead as a heating medium 
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Drawing the temper. 

for them : and he has seen the representatives of steel con- 
cerns selling this steel have repeated poor success when 
trying it. Probably the most satisfactory method i 
heat ill specially prepared furnaces, but such furnaces arc 
not always available, and excellent results may be obtamed 
by placing the tap in a piece of gas pipe closed at one end, 
a quantity of finely broken charcoal or coke (the writer 
prefers coke) may be placed in the tube and the remaining 
end sealed. The tube may now be heated to the desired 
temperature, the top removed and plunged in oil. It will 
be necessary to draw the temper of tools having slender 
teeth, this drawing is nicely done in heated sand, 
amount necessary to draw the temper will depend on the 
use to which it is to be placed, it may be a straw, bro\*Ti, 
or blue color, or in cases requiring freedom from brittle- 
ness the too! may be heated until a dull red shows when 
it is held in a shaded place, as in a barrel or ki 

When pieces have been heated for tempering, place 
them where no dampness or current of air can strike them, 
and allow them to cool off. 

In the case of taps it will be found advisable to heal 
the shanks red hot in red hot lead, then place the shani 
in hme to cool off as slowly as possible ; this may be done 
after drawing the temper of the cutting end. 

Some mechanics using this steel, object to drawing 
temper, saying it should be as hard as it can be made. 
However, if we attain to anything like the speeds claimed 
for the steel, it is very quickly heated to a temperature 
even higher than the temper heats mentioned, so it is cl>- 
vious that drawing temper for toughness can not serious 
ly detract from its staying qualities and it is certainly nec- 
essary when parts that are weak are to be subjected to 
great strain. 
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Speeds and feeds. 

Experience has convinced ihc writer that it is a 
mistake, generally speaking, to grind latlie, planer and 
similar tools on a wet emery wheel, as it requires consider- 
able pressure of the tool on the wheel to insure its cutting, 
this pressure is, of course, productive of heat, the water 
striking the heated steel causes it to crack ; especially are 
the above results noticeable if the grinding is done by men 
not extremely careful. 

Best results follow grinding on a free cutting dry 
wheel, after which it may be finished on a free cutting 
grind stone. 

Speeds and Feeds. 

As previously stated the speed at which these steels 
can be used with satisfactory results depends in a great 
measure on the condition of the stock being machined. 
Many times the depth of chip and the rate of feed are en- 
tirely overlooked and as a consequence less stock is re- 
moved than if the machine was run somewhat slower and 
heavier cuts and coarser feeds used. 

It is necessary, however, in order to have something 
tangible, that we have before us results of tests made with 
stock of various kinds and as the writer has never kept a 
record of results obtained in his experiments it has seemed 
wise to give results claimed by the makers of certain 
brands of this steel. The reader need not be discouraged 
if he is not able to duplicate the results given in the table, 
and yet under certain conditions he may be able to do even 
better. 

One maker claims, that when turning bars of hard 
steel the stock was run at a rate of i6o feet per minute, 
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High cutting speed 
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the depth of cut ^ inch, the feed 1-32 inch, the amount 
of stock removed in a day of 10 hours being about 2,500 
pounds, the cutting tool being ground but once a day. 

Another maker claims that twist drills made from 
their steel would stand from two to four times the speed 
of the best carbon steel, and even at the high speed would 
drill from 6 to 25 times as many holes before it required 
grinding. 

He also claimed that taps made from their steel would 
stand three or four times the speed of regular tool steel 
taps, and stood up 40 to 50 times as long. 

Reamers from the same steel it is claimed, were run 
at twice the speed of those made from ordinary carbon 
steel and showed an efficiency of 15 to i. 

Milling machine cutters made from another make of 
this steel were run at a rate of 150 feet per minute on 
mild open hearth steel, as compared to 38 feet per minute 
with a similar cutter made from regular tool steel. 

Experiments in cutting cast iron in the lathe showed 
that a speed of from two to four times that possible when 
tools made from carbon steels, was used. 



Hardening and Tempering Rock Drills 

Drills used in drilling rock are used under vastly dif- 
fering conditions, and are not all treated alike. The suc- 
cess of a drill depends in a large measure on the steel 
used, in its construction and in the treatment it receives 
when it is forged. As the sharpener has constant prac- 
tice and his whole time is devoted to this one line of work 
he becomes very skillful and, while he works quite rapid! 
he is extremely careful when heating and forging. 

The shape of the drill has nearly as much to do Vi 
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Hardening rock drills. 

aLbility to stand up as the method employed in hardening, 
so the sharpener should find the shape that gives best re- 
sults and then stick to it as closely as possible. 

The sharpening should be done at low heats and 
blows should be lighter as the steel cools, to prevent 
crushing the grain. 

The heat for hardening should be the refining heat 
for the particular steel being used. 

A bath of brine made by dissolving all the salt it will 
take in a tank or barrel of rain-water, is the one common- 
ly used, although some sharpeners add other ingredients. 
The hardening generally extends fronj i inch to ij4 
inches up from the point, the steel being heated higher up 
contains sufficient heat to draw the temper the desired 
amount. 

The treatment of the steel during forging and hard- 
ening has a great deal to do with the amount it is "let 
down" in tempering. If the heats were low the steel will 
be strong and the temper may be left high; if the heats 
were high the steel will be brittle and the temper must 
be drawn considerable. We will assume, however, that 
the heats have been carefully gauged for both forging and 
hardening. 

For most steels that have come under the observation 
of the writer, the temper should be drawn to the faintest 
color visible, that is, when the temper color commences to 
show, the drill should be checked in oil; under certain 
conditions, however, the temper is drawn to a light straw 
color. 
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Hardening High Carbon Steel; Tungsten Steel; 
Recalescence ; Phenomena of Recalescence 
and Reheating; HeatGauges; Quenching; 
Annealing; Temperature for Hardening; 
Tempering High Carbon Steel; Colors for 
Tempering. 

All varieties or grades of carbon steel are altered by 
being suddenly cooled or "quenched" when heated and 
this alteration varies greatly according to the heat at 
which the steel is cooled, the quality and composition of 
the material, the quenching medium used and other 
causes. In the high carbon steels this effect is particu- 
larly noticeable and such steels, when so treated, become 
hard, brittle, or tough according to the exact heat treat- 
ment and manner of quenching given. The change in 
the steel takes place during a very short range of tem- 
perature and the more rapidly the cooling occurs through- 
out tiiat range the harder the steel will become. This 
particular range of temperature for hardening is known 
as the "critical range" or "point of recalescence" and 
varies with the carbon percentage in the steel. This 
point of recalescence indicates ihe proper quenching tem- 
perature and most complex and exhaustive tests have 



^^^^^ Recalescence. 

Keen carried on to ascertain the exact points of recales- 
Kence best adapted to various steels and various purposes. 
■ Quenching the steel at the lowest temperature at 
nrhich hardening will occur produces the toughest tools, 
fcifhereas, if the same tool he heated to the utmost tem- 
fcerature of the critical range and then cooled suddenly 
Kreat hardness but very brittle results will be obtained. 
HTonnccted with this peculiar point of recalescence are 
RBumerous physical and chemical phenomena which are 
mifficult for the layman to understand and cannot be fully 
Edealt with or explained in a work of the present scope 
I but a few words of explanation and some data of experi- 
I ments that have been carried on will prove an aid in 
J more thoroughly understanding and appreciating the 
Htubject. High carbon steels contain a very complex 
ftnaterial commonly called "Martensite," which in slow 
Kooling is altered to "Pearlite" and produces a softness 
fr(a- lack of temper in the steel. When rapidly cooled this 
I is again transformed to the so-called "Hardcnite," which 
Irproduces extreme hardness and brittleness. 
K Oddly enijugh steel does not cool steadily and evenly, 
■but at about 1237 degrees (F.) the cooling ceases and 
Bhe temperature even rises a trifle. The point of recal- 
Hescence having passed the cooling continues, but as ladia- 
Htion is continually drawing heat from the steel during 
■this period, it is obvious that the temporary retardation 
Eof cooling must be brought about through some alteration 
Jwithin the material itself. This alteration, which in large 
■masses makes the steel glow more brightly, marks the 
fcxiint at which the steel should be quenched to obtain 
W certain results. In heating soft steels for hardening the 
I point of recalescence is reached when heat is absorbed 
I without raising the temperature brought about by the 



Magnet gauges. 

transformation of the Pearlite to Martensite or exacll 
the reversa) of the other process. When tempered, hou 
ever, a portion of the Hardenite or Martensite in tl^: 
hard steel is transformed into Pearlite by means of "bak 
ing" or gentle heating until the steel contains both Ma- 
tensite or Hardenite and Pearlite. A most remarkal.ii^ 
feature of these properties of steel is the fact that at tbej 




Fig. 164. Mngncls for htal gauges. 



exact point of recalescence the steel loses its magnetic 
property and can neither attract nor be attracted by this 
force. This phenomenon has resulted in very accurate 
gauges for testing the heat of steel and ascertaining ( 
exact point of recalescence. Several forms of these n 
netic gauges are made, some of which are shownij 
Fig. 164. 

The simplest form for small tools and similar H 
jects consists of a magnet provided with arms of ; 



Hardening carbon steel. 

Lesired shape. The tool to be heated is then attached 
to tViese arms by magnetic attraction and heated in a 
blow-pipe flame over a quenching bath. When the criti- 
^lal point of heating is obtained the steel loses its mag- 
Btetic properties and drops from the magnet to the bath 
^Bielow. A very simple manner of ascertaining the critical 
^point where magnetic gauges are unavailable is to test 
the magnetism of the heated steel by placing it near a 
small compass. When the needle ceases to vary by its 
proximity to the steel the proper point of recalescence is 
determined. Otiier adaptations of this magnetic phe- 
nomenon are developed on large scales in the magnetic 
■ furnaces wherein the steel is so arranged that upon the 
i of its magnetic force a bell rings, or colored lights 
5)pear, thus indicating that the point of recalescence is 
lieached. 

Extensive experiments carried on in this connection 
pve some most interesting and remarkable tables, figures 
md results, which in a simplified form are interesting 
ipd of value to all those handling high carbon and low 
fUngsten steels. In tiiese experiments the materials used 
irere "Low -tungsten" steel and carbon steel of about 
t.i6 per cent carbon. These experiments showed that 
pearly the entire hardening change occurred within a 
BBargin of about g degrees F., and that the difference 
jetween steel quenched from 1355 degrees F. and 13O4 
Iras so great that it was difficult to believe that the hard 
r and soft bar only differed by being treated to 5 dc- 
|;rees variation in heat. In its fractures these carbon 
md timgsten steels also exhibited wonderful properties, 
"for while ordinary tool steel may be heated to 180 degrees 
beyond its hardening point without a noticeable differ- 
ence.'- '-- ■"ture, yet the stafcfe-- experimented upon dis- 
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Temperature changes. 

played a marked difference wlien tlie heat varied but 54 
degrees. 

In heating these" steels it was determined that the 
temperature did not rise regularly but for several min- 
utes remained stationary while in cooling a long period 
ensued at which the temperature remained constant. 
These peculiarities were recorded on a Callender recorder 
as illustrated in Fig. 165. It is evident from these ob- 
servations that during these stationary periods of tem- 
perature the heat that entered the steel was utilized in 
effecting the hardening process. When the steel was 
cooled slowly the temperature fell very regalarly until 
at 1315 F. ; steel at this temperature was still radiating 
great heat, but, nevertheless, the temperature ceased to 
fall and in fact it actually rose 5 degrees. During this 
halt the steel changed from its hard state and assumed 
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Pie. 165- Recalesceuce curves of low tungfilen nnd liigh-cuVm Itcebi^ 

in annealed condition, the heat that had previously bee 
bsorbed in producing hardening being released an 
uaintaining the temperature. This peculiar phenomeno 
s analogous to the melting of ice for we can understan 
hat if ice at 20 degrees, or below, is heated to a tem 
jerature of 60, or more, tliere woidd be a long period a 
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Experiments with temperature changes. 

the temperature of 32 degrees, during wliicli the tempera- 
ture would remain stationary, as all the heat applied 
would be expended in melting the ice and transforming it 
to water instead of increasing the temperature, and that 
if the process were reversed there would be a time when 
the freezing point was reached, when the latent heat 
necessary to retain the water in a liquid state would be 
realized as the ice formed, but when thoroughly con- 
gealed the temperature would again fall. 
^_ The result of the experiments and heating and cool- 
^■kg curves obtained in the experiments mentioned was 
^K> prove that there is a place at which an absorption of 
^'lleat takes place during heating and another where an 
emission of heat or recalescence occurs during cooling 
and that these two points do not occur at the same tem- 
perature and are not directly related to one another. 

This demonstrated that annealed steel will not 
change into a higher state until a certain temperature is 
reached and held for some time but that as soon as the 
change has taken place the higher state is sufficiently 
stable to overcome alteration back to its former state 
ptil there is a decided variation, or in other words, if 
steel is brought to the proper hardening temperature, 
lerely cooling it too much below the temperature will 
: undo the work accomplished by heating it. This 
iduable discovery has a most important bearing on hard- 
; treatments, for if a tool has been properly heated 
■ hardening it may remain for some time at a lower 
mperature and still be perfectly hardened when 
jiienched. but, nevertheless, continued exposure to the 
nigh temperatures, after the proper hardening f)oinl is 
reached, will result in softening as may readily be proved 
by treating two bars of steel, allowing one to reach just 




Preparations for hardening. ^H 

the critical point before quenching while allowing ^^H 
other to remain "soaking" for some time before it j^H 
quenched. Moreover, if the steel is overheated and th^H 
quenched it will be even softer than if "soaked" fo^^H 
long period at the proper temperature. ^^M 

Having thus entered more or less into the ln^^| 
known and less understood question of the phenomenoi^T 
of recalescence we will take up the matter of preparin; 
high carbon and similar steels for hardening. 

Steel forgings do not pass direct from forge to hard- 
ening room as tht'y are at iirst coated with a thin film of 1 
oxide which cannot be hardened and must be removed 1 
by grinding with a wet grindstone. If a carborundun; 
or emery wheel is used for this purpose glazing ms 
result which is in reality a burning of the surface, ren- 
dering the spots so affected incapable of hardening ami 
resulting in uneven work and poor tools. 

Work that has been machined before hardening 
must be carefully inspected before treating, as sharp 
angles, scratches and other faults often develop into 
serious flaws or cracks in the heating and quenching 
process. 

It pays to be most careful in this regard as it is far 
better to refinish or reforge an article before hardening 
rather than expend the time, labor and money on careful 
hardening only to have a faulty object in the end. 

The source of heating for hardening may be either 
a common forge with a coke fire, a reverberatory or 
mufHe furnace, a salt-bath furnace or special hardening 
ovens or furnaces. Small articles may be heated in an 
iron box or pipes and excellent results may be obtainei3 
by heating small tools in a piece of ordinary gas pipe 
plugged at the end.s and heated in a common furnace or 
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' Baths for quenching. 

prge. Very small articles may be heated by blow-pipe 
I even by placing them on another piece of heated steel 
i testing for the point of recalescence by a magnetic 
The main object is to produce a bright, cherry 
i heat at the proper temperature without allowing air 

reach the heated surface and thus oxidize the steel and 
> to avoid sulphur in the fuel ; for this reason coke is 

tetter than coal and charcoal is better than coke, while 
pi or gas is superior to either, and electrical heat is best 
E ail. 

The substance used as a bath for quenching, or rap- 
cooling, the steel varies with different operators and 
fferent steels as well as according to the grade of hard- 
er temper desired. Water, oil, brine, mercury, 
telted lead, are used extensively. The whole object of 
; quenching medium is to cool off the hot steel as 
bpidly as consistent with safety, and oil and water are 
est generally used ; a very cold medium is not desirable, 

1 cracks often result, and as the melting point of lead is 
r below the hardening point of carbon steel and as that 

metal is an excellent heat conductor, the lead bath is fre- 
quently used. Oil is used where extreme brittleness is 
undesirable, while mercury is used where extreme hard- 
ness is required. Care must be taken to immerse the 
entire parts to be hardened at practically the same instant 
for otherwise distortion and unevenness will result. If 
properiy hardened the steel when first taken from the 
bath will have a mottled, whitish appearance and if not 
mottled the steel is not properly hardened. If hard a 
file will slip over it, whereas if soft, it will cut. If soft 
it shows that either the steel was not heated sufficiently 
or else that it was cooled too slowly during the period 
qf recalescence. 



Table of temperatures 

Table of Temperatures for hardening high ■ 
steel : 

ApproK. temperature Color in full 

— degrees F. Daylight. 

430 Pale yellow 

450 Straw 

470 Dark straw 

500 Brown yellow 

530 Light purpic 

550 Purple-blue 

560 Blue 

580 Polish blue 

600 Deep blue 

750 Bright red 

880 Red, dull 

980, . . '. Nascent red 

i,o8a Red 

1,290 Dark red 

1,470 Nascent cherry 

1,660 Cherry 

1,830 Bright dierry 

2,010 Dull orange 

2,100 Light orange 

2,190 Lemon 

2,280 Light straw 

2,400 White 

2,550 Brilliant white 

2,730 Dazzling white 
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Tempering high ciirbon steel. 

Tempering high carbon steel is for the purpose of 
Cueing the brittleness produced by hardening and it is 
accomplished by heating or "baking" the hardened steel 
I moderate temperature the degree of which deter- 
mines the temper and not the method of quenching as 
»nimonly supposed. The lower tlie temperature to 
IVhich it is subjected the less will be the loss of hardness 
my tempering, and as a rule the proper temperature to 
froduce a given temper is recc^nized by the color that 
1 assumed by the oxidized fihii upon the surface. The 
olor deepens as the temperature rises, and while this 
Tiethod is far from perfect, it is very simple and widely 
Used, and a man accustomed to the work can judge 
■\vonderfully well just where to stop by the color alone. 
For a beginner this process is very difficult, for the 
Color changes with time, as well as temperature, and a 
<iark blue may show by heating an object to 652 F, in 
one minute or by keeping it at 392 for four minutes, and 
thus practice, care and judgmert are essential to this 
I work. 

By heating in a bath of oil, lead, salts, etc., or in an 
Ijjectrical or special oven the exact temperature may be 
iscertained, but even then experience and judgment is 
fery necessary to insure even and accurate tempering, 
following table indicates the colors usually em- 
[doyed for tempering certain common tools. It must be 
>ome in mind, however, that the colors will not show 
inless the steel is clean and the object to be tempered 
Aiould always be brightened by emery or similar meth- 
It is also hard to judge the colors by artificial 
, and tempering should, therefore, be done by day- 



Melted lead and tin in varying proportions makes an 



Temperiiig baths. 

excellent heating liatli for tempering, for as lead mpli' 
at 612 F., various degrees of the melting mass may Ik 
determined by adding more or less tin, If a layer ''■' 
powdered charcoal is spread over the surface oxidali' : 
of the lead will not occur and there will be little wa-t' 
Boiling linseed oil may be used for a temperature t.. 
about 600 F., while sulphur, tin, zinc, antimony, etc.. mav 
be employed for obtaining definite heats. Where a large 1 
object is tempered the heat cannot be judged by color, ' 
and in such cases the object may be placed upon a siiki'1 
piece of bright steel — an old saw blade is good — au 
the color assumed by this will act as an index. ^Vlr-tcri 
pering furnaces, electric ovens, oil heaters and variou- 
other methods of accurate heating are now on the in,!: 
ket, as well as a sand -tempering machine, in which .. 
rotating drum is heated by gas while sand or grotim! 
stone is sifted in streams upon the objects being treated. 
The drum rotates slowly over the flame and pockef^, 
provided with perforations, pick up the sand as it ro- 
tates and sift it as they reach the top. The work under 
treatment is placed in a wire basket in the drum, when 
small pieces are heated, but large objects rest upon the 
bed of hot sand and move constantly about by the rota- 
tion of the drum. 



Colore for tempering. 

Table for colors for tempering tools. 



Approximate color. 



Yellow. 



Straw yellow. 



Brown yellow. 



Light purple. 



Dark purple. 



Pale blue. 



Blue. 



Kind of Tool. 



Brass scrapers, lancets, steel 
gravers, burnishers, small turn- 
ing tools, steel planers, hammers, 
ivory-cutting tools. 

Slotters for metal, paper cut- 
ters, shear blades, engraving 
tools, boring tools, bone cutters, 
screw dies and taps. 

Leather cutters, chasers, in- 
sert saw teeth, reamers. 

Rock drills, bits, pocket 
knives, stone tools, twist drills, 
hard-wood moulders and plan- 
ers, dies and punches, gouges, 
plane irons. 

Circular saws for metal, brass 
drills, augers, drifts, circular 
wood cutters, dental and surgi- 
cal instruments, cold chisels, 
axes, gimlets. 

Bone saws, chisels, needles, 
soft wood cutters. 

Hack saws, screw drivers, 
wood saws, springs. 
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Electric and Salt Bath 
Furnace and Ovens. 



Electrical Heating for Hardening and Temper- 
ing ; Salt Bath Furnaces ; High Speed 
Tools; GrindingTools; Emery Wheels and 
Speeds for Same; Carborundum Wheels; 
Case Hardening; Objectionable Features 
of the Common Process; Browning and 
Bluing Steel. 

The rapid advancement in modem steels and their 
treatments has developed innumerable accessories anJ 
appliances for handling the materials and for rapid and 
accurate treatment. Prominent among these appliances 
are the electrical and salt-bath furnaces and ovens. The 
salt-bath furnaces consist of a device heated bv elec- 
tricity, gas, oil or other methods, in which is a crucible 
containing fusible salts, such as barium chloride, sodium 
chloride, potassium chloride, etc.j in which the steel may 
be heated. As various salts and combinations of salts 
fuse at different temperatures, it is evident that almost 
any certain degree of heat may be obtained by this 
method. Most of the salt-bath furnaces are controlled 



J 



Salt baths. 

rometers, while others are regulated by an electri- 
■itch ampmeter. A form of this type of electrical 
ith is shown in Fig. i66. This has an adjustable 
•Her that will produce bath temperatures between 

and 2462 de- 

F. and consists 
crucible sur- 
ed by asbestos, 
is covered with 
clay and sur- 
ed by an iron 
Two low 
' o n electrodes, 
immersed, fur- 
:he heat. As a 
current pro- 
electrolysis in 
baths a single- 
alternating cur- 
is used, which, 
irting, may re- 
70 volts, but for 
aining the tem- 
ire requires but 
Its, In starting 
jrnace, after the 
is filled with 
a small piece of 
pressed 




Fis. 166. Salt batb furnace. 



t one of the electrodes by means of an auxiliary 
Df carbon hgld in the hand, as shown at B; this pro- 
an incandescence in the carbon and melts a channel 
the salts. While melted salts have a high electri- 
3S3 






Electric furnaces. | 

cal coniJuctivity, the dry ones are poor conductors, tin 
requiring this method of starting. ■ 

Electrical furnaces are made in various patterns M 
of all sizes and furnish a most cleanly, accurate and coP 
venient method of heat treating. 

Various methods of producing heat are employdi. 
varying from the salt hath already employed to specisi 
furnaces for heating hollow and intricately shaped o 
jects. In heating hollow objects by ordinary methu-l 
there is great difficulty in evenly heating and in prevail 
ing cracking from too sudden application of heat. 
electrical methods these troubles are overcome, for I 
hollow tool ma\' he placed over a rod and the c 
gradually increased until the proper temperature : 
reached, when the current may then be shut ot? sloivl 
until thoroughly cooled. In operating any furnace . 
pyrometer of some sort is essential if an even and exiii' 
temperature is to be obtained. Modern pyrometers ;iri 
of various forms and types, including electric-theniio, 
radium, electrical-resistance, color-screen and chemical. 
The electrical types are well known and widely used, 
but the color-screen and chemical forms are not so fa- 
miliar. The former consists of numerous cells contain- 
ing dyes, which absorb all the light of the color given 
off by a certain temperature of a heated object, and 
which is thus rendered invisible when viewed through the 
cells. On raising the temperature a portion of the light, 
due to an alteration in color, passes through the cell, thus 
rendering the object visible. Usually two pairs of cells 
are used, one pair being adjusted to a higher tempera- 
ture than the other and the desired temperature being 
half way between the two. As the cells are marked with 
the temperature they represent the furnace and steel will 



pyrometers. 

i at the proper heat when the observation opening; is 
Isible through one pair of cells and invisible through the 
When using one of these pyrometers with a 
ingle pair of cells the proper temperature may be as- 
iertained when the work appears visible as deep crim- 
Chemical pyrometers are of various forms, one of 
! cheapest and handiest being merely a cylinder of 
me salt, which is placed in a receptacle in the furnace 
i the furnace is then heated until the salt fuses. As 
; salt remains liquid the proper, or at least a 
Riciently high, temperature is certain, for the cylinders 
"^re composed of various salts of known fusible tem- 
peratures and plainly marked. 

By using three of these cylinders of different melt- 
ing points an absolutely even heat may be obtained in- 
definitely, for as long as the lowest-limit cylinder and 
correct cylinder remain liquid and the excess-temperature 
cylinder remains solid the heat is known to be up to and 
not beyond that desired. 

Great care and experience is required in grinding tools, 
and with the advent of modern high-speed machine tools 
and the various alloy steels and Tungsten tool steel, the 
grinding has become an art in itself. Nowadays emery 
wheels have given place largely to carborundum, and 
as these wheels can be obtained in practically any size or 
shape there is no excuse for not grinding your tools cor- 
rectly. Emery and carborundum wheels should, how- 
ever, be operated at definite speeds, and while it is best 
to ascertain the proper speed, grain and size of each 
wheel from the manufacturer the table or chart, Fig. 167, 
will give an idea of the ordinary speed required for 
emery wheels, 



Emery wheels. 

Fig. i68 shows some useful forms of wheeU f'-r 
various tools, and by following the directions furnished 
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Emery wheels. 





by specialists in this work most satisfactory results will 
be obtained. 

High speed tool steel is designed and manufactured 
especially for rapid cutting in machines and is a self- 
hardening product, usually of tungsten steel alloy. Each 
manufacturer has his 
own formulae and pro- 
cesses, and there is more 
or less variation in the 
treatment for each in 
hardening and temper- 
ing, as well as in the 
rapidity with which 
these tools may be op- 
erated and the amount 
of work they are cap- 
able of performing. It 
is impracticable to fur- 
nish complete data or 
directions in the present 
volume, but the follow- 
ing table and directions 
regarding the well- 
known "Novo" brand 
may be of interest and 
value, and is a fairly 
good example of this 
class of tools as a 
whole. 

Table of tests of 
"Novo" steel on 8-in. 
high-speed power lathe. 
Job consisted in turning 
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Novo steel. 

a forged sleel dynamo spindle head of 0.40 carbon steel. 
7)4 '"- diam. x 6 in. wide, the whole work being done 
with ij4-'n. square tool, which was merely reground 



twice. 






_ 


Speed, feel 
mimUt 


TraiHverse Bevs. 
prr^^h of 


— J 


475 


220 


i/i6-in 


twice across ^H 


650 


220 


i/32-in 


twice across ^M 


800 


220 


l/64-in 


, twice across ^| 


500 


220 


i/i6-in 


twice across ^| 


500 


220 


i/i6-m 


twice across H 


SCO 


132 


i/i6-in 


twice across ^| 


450 


220 


3/32-m 


twice across ^| 


800 


220 


r/64-in 


three times acros^| 


100 


220 


9/32-in 


twice across ^H 


100 


132 


9/32-in 


twice across ^| 


100 


80 


9/32-in 


twice across ^| 



A Novo punch will punch from 800 to 2,000 holes 
through nickel-plated armor plates i-inch thick; a Y4- 
inch punch will punch 56,000 holes through -^^-incli 
structural steel: a ^-incli drill at 650 revolutions will 
penetrate 4 inches of cast iron in 14 seconds. Three- 
inch cast iron can be regularly pierced by J^-inch drills 
at the rate of iS inches per minute, and often at rate of 
25 inches. 

For hardening a heat of about 2300 F, is employed 
and cooling is in cold air blast, bitt good results are 
obtained by quenching in fish or lard oil. A most im- 
portant point is to avoid all contact with water through- 
out hardening and heating operations. Grinding shouM 
be done on a wet wheel. This steel is furnished in all 
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High speed tool steel. 



« 

^^es of flat, round, square, triangular, octagonal, dia- 
mond, bevel and irregular sections. **r' and *'Z" sec- 
^ons, from which tools are made without forging by 
Merely grinding and hardening, are particularly desir- 
able, as there is no waste or breakage, and tools from 
^Uch shapes are as strong and rigid as if solid and arc 
^uch lighter. The "I" sections saving 30% in weight 
^d the "Z" 4070. 

The unannealed steel is glass-hard, but is readily ma- 
cnitxed when annealed. The process known commonly as 
^^se-hardening" is for the purpose of infusing soft 
^te^l or irc«i with a small amount of carbon for increas- 
^^g" the hardness of the surface. ^lany parts of auto- 
mobiles, guns and other objects are thus treated, for by 
^^ing a soft, low-carbon steel in the machine work a 
Sreat deal is saved in expense, and by afterward case- 
-hardening a very hard, long-lived bearing or wearing 
Surface is produced. The usual and old method of case- 
hardening was to use calcined bone, leather or similar 
rnaterial and heat the object, embedded in this material, 
to a red heat. The animal matter then gave off the car- 
bon, which was absorbed by the steel or iron. Unfor- 
tunately, animal charcoal, while rich in carbon, also con- 
tains considerable phosphorus, which has a strong af- 
finity for iron or steel, and is most objectionable in it. 
While ■''red-shortness/' or brittleness under heat, is 
due to too much sulphur in the iron, **cold-shortness," 
or brittleness when cold, is due to phosphorus; and 
while the former may be eliminated by using fuel free 
from sulphur, by using coke, charcoal or gas, phos- 
phorus is very hard to remove, and in the open-hearth 
process is prevented from combining with the steel by 
using a lining to the furnace which has a stronger at- 
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Finishing. 

traction for phosphorus than lias the iron itself, 
all modern processes the greatest care is taken to elinu- 
nate this undesirable element from the metal and, havin; 
taken this trouble, it appears foolish to deliberately u-. 
a material for hardening which will bring- about the dele- 
terious results that the steel manufacturers have spciii 
time and money to prevent. Modem chemical products 
for case-hardening cau now be procured which coniaiii 
only carbon and alloy elements, and wherever the high- 
est grade work in case-hardening is required such 
terials should be employed. 

Where mere color, with the thinnest possible 
face-hardening, is desired for a finish to steel, 
charcoal, or better still, cyanide of potassium, may be 
employed, but for high-grade, lasting work the ben 
process is the cheapest in the end. 

In this connection it may be well to mention the 
fact that many steel workers send out beautifully made 
and finished products which are merely ground and pol- 
ished and soon become rusty or corroded, even with the 
best of care. Gunmakers and others have long ago 
adopted various methods of coloring their products by 
processes known as "browning" and "bkiing," When 
properly done these colors are quite permanent and wear 
a long time and resist corrosion far better than polished 
or bright steel objects. For the benefit of those unfa- 
miliar with coloring methods, as well as for amateurs de- 
siring to "brown" or "blue" steel objects that are un- 
colored, the following recipes and directions are given: 

Hard steel tools may be given a beautiful glossy 
black by the use of wax or oil, but as this treatment sofb- 
ens the tools somewhat they should be made a littl 
hard before treatment. The best and most duraWe 
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Bluing and browning. 

tobtained by first polishing the object after hardening 
1 when it assumes the proper tempering color it should 
\ dipped in melted yellow wax. The wax should then 
I burned off by quick exposure to fiame and this process 
)eated until the rich black color ia obtained. The only 
difficulty encountered is in burning off the wax quickly 
enough to prevent overheating after tempering and with 
practice this can be readily accomplished. When the 
color is satisfactory the tool should be cooled in water, 
rubbed with an oily rag and dried. 

Another process for imparting a deep blue or black 
is as follows. Have the object perfecdy clean and free 
from rust, oil or grease and dip or swab over it the fol-. 
lowing mixture : 

Bismuth chloride i part 

Mercury bichloride 2 parts 

Copper chloride . . . . , i part 

Muriatic acid 6 parts 

Alcohol 5 parts 

Water to make 64 parts. 
The color obtained by this formula is very lasting 
and proof against oxidization. 

Small articles may be bluol by placing them on a 
red-hot iron plate or bar laid across a tub or other re- 
ceptacle filled with water. As soon as the articles to be 
colored assume the proper tint they should be dumped 
quickly into the water. 

The objects to be treated should always be previously 
cleaned and polished and should be placed on the hot plate 
with polished side up. 

Small screws, etc., may be blued by placing them 
head up in a ladle or other receptacle partly filled with 
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Bluing formula. \ 

brass filings and exposing to heat until the proper ccAot 
is obtained. A simple way to accomplish this is to drill 
holes in a ladle just large enough to receive the screiv; 
and then after placing them in the holes fill around them 
with the iilings. 

Bluing may also be accomphsiied by the following 
method : 

Crystallized chloride of iron 2 parts 

Solid chloride of antimony 2 parts . 

Gallid acid 1 part j 

Water 4 to 5 pans I 

Apply with sponge and dry in the air. Repeat the ' 
process until the proper tint is obtained : wash wiih 
water : dry and polish with linseed oil. 

Browns may be obtained in various ways but ihe 
following will be found to answer all ordinary require- 
ments : 

V. S. OSOXANCE FORMULA. 

spirits of wine i V:; ounces 

Tincture of iron ij/i ounces 

Corrosive sublimate 1% ounces 

Sweet spirits nitre ij/^ ounces 

Sulphate of copper i ounce 

Nitric acid ^ ounce 

Mix in I quart warm water and keep in glass jar. 
To use, the steel should be thoroughly cleaned with 
caustic soda to remove any traces of grease and then 
carefully polish with emery paper. Apply the mixture 
with sponge or rag and expose to air for 24 hours. Riih 
oiT the outer rust and rub with a scratch brush. Repeat 
the operation twice or more if necessary and finally wa>li 
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Browning steel. 

^ boiling water, dry rapidly and rub with linseed oil or 
pply transparent lacquer. 

Sulphate of copper, sweet spirits of nitre, and dis- 
alled water in the proportion of one ounce of the first two 
to one pint of water, repeatedly applied and dried for 
intervals of a few hours and j&nally rubbed with oil, will 
also impart a rich brown color. 

If the color after tempering an article is uneven or 
in other ways not satisfactory, it may be altered by 
Ranching or whitening by dipping in a bath of hydro- 
-hloric acid and afterward heating to the proper shade. 

pedal Steel Treatments for Ball Bearings and 
Similar Purposes; Special Steels for Auto- 
mobile and Gas Engine Construction ; 
Various Useful Hints for Working Steel. 

The automobile and gas engine require specially high 
rade, hard, tough steels in their construction and in ball 
tarings, especially, the greatest care should be taken to 
Ject the most perfect and suitable steel and to harden 
id temper the cones, races and balls with the utmost 
liformity and care. 

If the balls are too hard they will crack or chip, caus- 
g the bearing to rapidly break down, while if too soft 
ey will wear out of true and ruin the bearing. Cones or 
.ces that are too hard, or too soft, will act in the same 
ay, while unevenly hardened races or cones will wear 
►ugh in spots, a ball will then soon break or chip and 
e bearing be ruined. Some makers merely case-harden 
e surface of the cones after turning from tool steel, and 
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Steel for bearings. 

while for light loads such work often answers fairlj 
well, the thin layer of hard steel on the surface soon 
breaks through under heavy loads and ruins balls and 
bearings. 

The best makes of bearings, such as those prodin. 
by the Bantam Anti-friction Co. and others, are m.i. 
from special chrome steel of great strength and tougii- 
ness and are carbonized or "case-hardened" with the 
latest and most improved methods, and in furnaces 
equipped with accurate pyroineters, and are quenchc' 
with oil or water baths. Carbonizing in these factorier- 
carried to any desired depth by use of the sclerosoi; 
while heating is carried on for five, six, eight, ten os 
twelve hours according to the size and depth of the worit. ■ 
Bearings made in these careful, accurate, up-to-date shops 
are remarkable for their strength, wearing properties and 
silence in operation and if properly adjusted and lubri- 
cated are almost free from friction and last almost 
forever. 

In automobile construction ' high grade chrome, 
nickel and vanadium steels are used and practically each 
maker of steel and each manufacturer of automobiles 
employs distinct treatments. Gasoline engines for liigli 
grade automobile and marine use call for the finest and 
strongest steel while the motors used in aeroplanes de- 
mand an even liigher grade of material. These motors 
operate at speeds of from looo to iSoo revolutions per 
minute and under terrific strains and great heats, and 
when it is realized that some of the multiple cylinder and 
rotating engines deliver as many as ten thousand explo- 
sive impulses per minute and produce one horsei-power 
for every two pounds of weight, we can appreciate the 
great strength and durability required of the materials 
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Steel for gas engines. 

Used in their construction. To produce cylinders and 
parts of sufficient strength and lightness, they are usuall_v 
turned and bored from solid steel bars while such parts 
as crank shafts, cam rods, etc., are cut from .solid ingots 
of chrome nickel steel. Krupp steel from Germany anil 
nickel chrome steel from England are widely used and 
such steel must be capable of showing a strength of from 
150,000 to 170,000 pounds f>er inch to be satisfactory. 

Even these high grade steels must be treated with 
the utmost care in heating, hardening and tempering, for 
the slightest unevenness or inequality will result in dis- 
aster and death in most cases. In fact the treatment and 
working of modern alloy steels for gas engine use is a 
special art in itself, and while Americans lead in steel pro- 
duction our mechanics have never yet attained the high 
efficiency of alloy steel treatment that is found in the 
best European mechanics. 

Every artisan or mechanic will from time to time 
hit upon new and valuable methods or "wrinkles" for ac- 
complishing various results that are of great value to his 
fellows when they are made public. Many of these are 
never known outside the shop wherein they were devel- 
oped and when now and then one is published it usually 
escapes the notice of innumerable workers to whom it 
would be of great use. The following are a few of the 
many hints that may prove valuable to steel workers, 
especially in small shops, and each has been furnished by 
ccwnpetent men who have tried them repeatedly with 
success. 

To case-harden parts of an object only: First coat 
the parts to be hardened with japan or lacquer, and dry. 
Next electroplate the object with copper or nickel, thus 
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Shop hints. 

covering the parts that are to remain soft with the meis 
If the object is then case-hardened the nickel or copp-. 
prevents the carbon from reaching the steel and thu.- i. 
parts so protected remain soft. 

Steel wire may be hardened by. passing througii . 
lead bath, at a temperature of 1200 to 1500 degrees ¥.. 
which has been covered with a layer of chalk or charcoal. 
If desired hard, it is dipped in water; if elastic, in oil. 

To harden without scale : Tool-stee! articles which 
are polished may be hardened without scaling by dipfung 
in water and then in a mixture of equal parts of fine com 
meal and common salt. Heat the coated object in a fire 
until the mixture melts and then dip again in the mixture 
after which it can be heated to the hardening point with- 
out scaling. When the object is cooled in water or (al 
the mixture comes off, readily leaving the object as _ 
smooth and polished as before treating. 

By using a mixture of glycerine, 80 parts ; saltJ 
parts; sa! ammoniac, 1 part: concentrated muriatic a 
yi part; and water, 10 parts (by weight), as a bathJ 
quenching, no reheating of the steel is necessary. 

Burnt cast sted may be restored by bringing to a j 
heat and sprinkling with a mixture of red chromatty 
potassium, 32 parts; saltpeter, 16 parts; aloes, yi ] 
gum arable, y^ part, and rosin, i part. 

Very minute cracks, fiaws and holes iji tools or steel 
may be rendered easily visible by dipping the object in 
kerosene; then wipe dry and rub with powdered chalk. 
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Shop hints. 

The kerosene that has penetrated the invisible cracks will 
ooze out and trace its position on the chalk in a dark line. 

For drilling exceedingly hard metal a cast steel drill 
should be used, heated to a cherry red, scales rubbed off 
and the point dipped in mercury and then quenched in 
cold water. 

Steel may be frosted or etched by a mixture com- 
posed of vinegar, 150 parts; blue vitriol, 30 parts; alum, 
8 parts ; salt, 12 parts ; to which a few drops of nitric acid 
are added. By allowing the liquid to remain a longer 
or shorter time, shallow or deep lines may be cut while 
a very short treatment gives a beautiful frosted surface. 

Steel and iron may be readily distinguished by filing 
with a clean new file over a flame. Steel filings will 
crackle as they burn, whereas iron filings burn brightly 
but will not crackle. 
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Steel 112 

Taps and dies 53-156-160-202 

Temperature of different steels 59 

The punch 141 

Thin pieces 178-244 

Walls of holes 195 

Watch springs 54 



Hardening wood-working tools TSXHH'. 

Hardies for blacksmilhs Si 

Hard meials— steel for 27" . 

Hardness— degrees of 284 J 

Due to cyanide bath 51 I 

Enlreme 285 1 

Hsat depends on carbon 55 ' 

For welding 3:' 

High 29? 

Necessary lo draw temper l!; 

Of load bath — care aboui 102 

Rapid M 

Refining 13-56 

Should bo low as possible 13 

Slow ZW 

Slowly for tempering 140-125 

■Soaking" 299 

Strength depends on ..107 

Unovon 297 

Work— liming 231 

Heated baths - 66-92 

Advantages of 1S6 

Heath 277 

Healing articles of irregular shape 67 

Al light speed 6(^61 

Box for ring dies 145 

Cyanide In an open forge 52 

Cyanide of potassium 46 

Dies 40 

Dies in boxes 132 

Dies — proper method 133 

For hardsnlng with lead bath 96-100 

Gas blast 42-43-44-45 

Glass 46 

Grooved rolls 192 

inaforge 35 

Lead 46-49 

■nn 46 

Tubes in open fire 63 

Large work 4h 

Long tools in lead bath 104 

Machine for slender punches i43 



Heating mandrels 186-189 

Screw dies in boxes 152 

Slender punches 143 

Small work in tubes 41-42 

Steel — methods of 34 

The baths 92 

To avoid strains 113 

Tool steel 55 

Uniformly 14-60-62 

Various substances 46 

Water for hardening tools 104-1 13 

Wood-working tools 201 

Work in cyanide bath 105 

Heavy and light portions 62 

Blows when hot 69 

Cuts 65 

Punches 142 

Springs 265 

High carbon steel 30-278-283 

Duty steels 277 

For punches 142 

Heats 297 

Heats open grain 69-70 

Speed steel 277 

Hobs for dies 29 

Holes — hardening 90-93 

Hardening out of round 195 

In dies — cooling of 93 

In shank mills 171 

Near edge 198 

Stopped with clay 138 

Hollow articles — to prevent cracking 175 

Danger of steam forming in 175 

Mills., 174-175 

Home-made furnace for dies 131 

Furnaces 39-40-47-49-53 

Gas blast oven 44 

Lead heating apparatus 49-50 

Hot lead for hardening 96 

Water bath for springs 265 

Work— chisels for ." 287 

How to case harden small quantities 226 



Lead bath sometimes unsatisfactory — why 97-102 

Furnace — handling work in 104 

Hardening furnac3b 47-48 

Heating baths 46-49 

Heating furnace 96 

Should be pure 97 

Sticking to work 98-102 

Too hot — caution about 102 

Leather — charring , 313 

Charred for annealing 85 

For heating dies. . *. 132 

Length of time to heat 23 1 

Liability of cracking 271 

Lighter blows when cooling 69 

Lime for annealing 72 

Local case hardening 249-250 

Hardening 252 

Location of furnaces 54 

Locomotive springs 296 

Long taps — best methods for 158 

Tools — hardening 154-155 

Loss due to poor hardening 9-10 

Low carbon steel for tools 272-274 

Heats best 13 

Heats for tempering 124 

Lowest heat best for hardening 126 

Lubricating tools 309 

Machine for hardening thin articles 180 

Steel for tools 241-271-274 

Taps 296 

Machinery crucible steel 293 

Case hardening 225 

Hardening Ill 

Steel 19 

Machinists' hammer 29 1 

Makeshift oven ^ 128 

Making a screw-driver 184 

Malleable iron — hardening 1 10-1 1 1 

Mandrels 293 

And arbors 219-220 

Taper 186-189 



r hardening springs .,.,.. .263-264 

Tempering furnace 121 

Toughens springs 259 

Wood-working tools 200-201 

tieated steel — restoring 298 

heating ... 13 

In annealing 74-75-83 

zed steel 63 

hardening 203 

Arbors and mandrels 219-220 

A "teaser" 218 

Bath of oil for 211-212 

Bicycle parts 236 

Blanking dies. 214 

Boxes for 206 

Danger in cast iron 206 

Depth of hardened surface 205 

Dies and taps 215-221 

Difficult pieces 217 

Don't use bone 205 

Forming tools 221 

Furnace for 210 

Gauges 215-216-218 

Heat of boxes 210 

How to do it 207 

Large work , .222 

Long articles 209 

Mandrels and arbors 219-220 

Method of packing 206 

Milling cutters 212-213 

Phosphorus to be avoided 205 

Possibilities of 224 

Reamers 222-223 

Similar articles together 208 

Swaging dies 223 

Tanks should be convenient . 222 

Taps and dies 2 15-221 

Time necessary 211 

Wiring the work 207 

Wrong way of doing 208 

ng for case hardening 228 
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Peculiarities of IqoI sleel 

Percentage of carbon 

Carbons for tools 
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1S-20-2I-2W3 

2S* 
















Pinion gear— hardening of 


237 


















Pliability of hardened steel 


66 














Praventing decarboiiliatlon locally 

Dross forming on lop 

Lead sticking to work 

H Local hardening 

H Springs in ring gauges 

■ Prevention of cracking 

V Springing of long arlioles 


46 

101 

98-103 

249-250 

195 

138-139 
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^^K Heating machine for 
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Punch for hot trimming 294 

Sheet steel 141 

Track work 295 

Punch or die hardest ? 140 

Punch press dies 138-143-241-289 

Quality and carbon 22 

Quantity of work to be case hardened 226 

Rapid heating 60-61-298 

Raw bone contains phosphorus 252 

Razor temper 20 

Reamer — heating a long 128 

Reamers 158-162-222-223-295 

Dull cutters may spoil 303-304 

Half round 162-163 

Heating in lead bath 104 

Reasons for temper colors 124-125 

Using lead bath 100 

Reducing worn dies 197 

Refining— heat 13-56-^ 

By hammering 69-70 

Temperature 13-56-60 

Reheating to draw temper 116 

Remove strains 65-66-67 

Reliable steel 282 

Removing lead from steel 102 

Strains from grooved rolls 194 

Rendered beef suet 261 

Resin 261 

Use of — caution 104-105 

Restoring burnt steel 298 

Results of case hardening 237 

Revolving furnace for drawing temper 118-119 

Ring dies 144 

Drawing temper 147-148 

Furnace for 145 

Hardening 144-145-147 

Ring gauges — hardening of 195-196 

' Rings without welds ; 31 1-312 

Rising heat. 62 

Rock drills 290 
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Sal ammoniac far case hardening 

Salt and cyanide balh 

Salt for case hardBuing 

Salisfaclory annealing 
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S3-l« 1 

226 1 
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Scale formed in dies — removing 


134 










Method of healing 


152 






Screws— case hardening 

Screw threading dies 


238 

148-229 
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Shank mills— hardening 

Methods of making 


169-170 

170 




Sharp corners to bo avoided 


178 
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jnder articles — hardening 258 

jnder tools 273 

tting saws — drawing temper 183 

>tting saws — hardening of 176 

>w heating 60-61-299 

Best for tempering 125 

lall bath for cooling 94-95 

Lots of case hardening 226 

Pieces— method of case hardening 229 

Taps, reamers, etc 158 

Work — heating in tubes 41-42 

ap gauges 215-216-240 

oaking' ' 299 

ft places on work 249-250 

Portions— leaving 248 

Soap 261 

Spots where lead sticks to steel 102 

ecial preparations 232 

Steels 275 

ermaceti oil 261 

erm oil for springs 261 

indies 242 

indie steel 295 

Temper - 21 

irit lamp for heating 44-45 

oiled steel 9 

ring dies 152 

ringing of mandrel 304 

To prevent 155 

ring of work by dull cutters 303 

rings— bath for 86-260-261 

Best steel for 259 

Carriage 296 

Clocks 260 

Colors of 269 

Danger of bending cold 269 

Flat stock 270 

Furnace for heating 262 

Locomotive 296 

Safety valves 269 

Sheet steel 270 

Method of cooling , ,*•,,..,.,.,,,.., 262 
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Springs — toughened by oil 

Tempering 25'- 

Watches 5+^7 

Stamps for steel 295 

Steam forming in hollow articles ITS I 

Prevents cooling 93 | 

Steel 19 : 

Affected by phosphorus 272 

Air harclentng 27E 

Alloy 277 

tJ- Bessemer 286 

Better than ever 277 

Blister 276 

Cast 2to 

Cemented ,275 

Choice of 26 

^ Converted 27S^ 

^ Crucible 27^286 

Difference in 16 

Different » 

Doubts about 274 

For chilled iron 281-2E: 

For hard melals 27? 

For mandrels or arbors I: 

For slender tools 27j 

For various toots 282-2B& 

German 276 

Hammer refined 70 

(Machine)— tools 271-274 

Machinery 20 

Nature of II 

None best for all purposes 20 

Open hearth 286 

Pliability of 66 

Saws 295 

Self-hardening 278 

Shear 276 

Spoiled 9 

Stamps 295 

Usually all right 27 

Tool 20 

To use for springs 259 



Steels — special 275 

Stiffness — how to secure 252 

Stirring lead bath to equalize heat 102-104 

Stock — keeping separate 28 

Stone work 288 

Chiselsfor 288 

Working tools 293 

Stop all holes in dies with clay 138 

Straightening hardened work 115 

Steel 66-301 

Work 26-<30 

Work that is sprung 79 

Strains in grooved rolls 194 

Internal 65-79 

Internal — in dies 154 

Removed by reheating 65-66-67 

Strength depends on heat used 59-64 

Study of steel 1 1-18-80 

Substitute for borax 313 

Successful steel working 18 

Sudden heating is dangerous 140 

Sulphur in lead — ^avoid it 97 

Surface carbon 63 

Square corners in counterbores 187 

Supporting cutting edges 308 

Swaging dies 223-289 

Heating boxes for 224 

Sweeps for moving pieces of work 258 

Tallow for tempering springs 265 

Tank for hardening small work 230 

Reheating 66-67 

Tanks for case hardening 255-256 

Should be convenient 222 

Should be large 139 

Taps 296 

Brightening for color 161 

Furnace for heating 159 

Hardening 156-160-204-215-214 

Hardening bath for 157-158-160 

Machine 296 

Taper mandrels ,,..,.,.» 186 



Testing bicycle crank 32 

Hardened work 82 

Heat of boxes 210-212 

Steel 33-57-58-61 

Work occasionally 244 

Thermometer — care of 266 

For gauging heat 1 19-21 1 

In spring tempering 266 

Thin articles— hardening 180-244 

Threading dies 148-289-292 

Time for heating gauges '. 240 

Needed for pack hardening 211 

Timing heat of work 231 

Tin heating baths 46 

Tool steel 20 

Heating of 55 

Temper 21 

Tools cut faster if pack hardened 204 

For chilled iron 283 

Hard work 33 

Importance of cutting point , 7 

Lathes and planers 292-293-294 

Of machine steel 241-243-271-274 

Steel for 282-285 

Stone 293 

Weakened by grinding 308 

Wood-working 293 

Tongs for hardening mandrels or arbors 191 

Hardening thin articles 178 

Heavy dies 136 

Preventing hardening 249-250 

Toughening bath 87 

Steel 239 

Toughness — how to produce 252 

In wood-working tools 200 

Tubes for heating small work 41-42 

Turpentine 261 

Track work punches 295 

Trimming punches 294 

Trouble — causes of 297 

Troubles from forging 68 

T slot cutters 171-172-173-174 



Twist drills 

tn hardening dies.. 

Types of furnaces 

Hollow mills 
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Uneven hardening from small balhs 

Heating . .1+: 

Heals 

Uniform aiinBalitig heal necessary 

Healing I*.; 

Heals the secret of success 

Temperature necessary 264 

Valuable men lo have la 

Venl holes in hollow mills... - 176-177 

Vine-iike effect in coloring I(B ] 

Warm waier for hardening 176 | 

Waste through Improper handling 1 1 

Watch spring hardening .'5W6T ' 

Water annealing 73 

Bath K 

Cooledoil bath .. 214 

May crack work 31% 

Welding 310 

Heat for 310 

Rings— how to avoid 31 1-312 

Steel— don"l 311 

Wine suppers ana stee'. 87 

Wirepullers ". 292 

Wires for testing heat 76-77 

Wiring pieces to be h.L-dened 207 

Wood saws 295 

Chisels 287 

Tools 199-20&-201-293 

Working augers 287 

Work done depends largely on tools- ■ 7 

Of tool depends on heal used 126 

Workman 15 

Wrong annealing 62 

To anneal 81 

Way of pack hardening 206 

Wrought iron— case hardening 225 



Index to 

Matter added to Fourth Revised Edition 
including High Speed Steels. 

Annealing high-speed steel 325 

Ball-bearings 363, 364 

Baths for tempering 349, 350 

Bluing and browning steel 361 , 362, 363 

Carbon-Influence of 320 

Carborundum wheels 356, 357 

Case hardening locally ^ 365 

Chromium 321 

Clearance of tools 323 

Cold-shortness 359 

Colors for tempering 349, 351 

Cracks and flaws 366 

Critical range 340 

Cutting speed 318-337 

Drawing temper 336 

Drilling hard steel 367 

Electric furnaces 354 

Electrical heat for hardening 332 

Electrical ovens 352, 353 

Emery wheels 356, 357 

Etching steel 367 

Feeds 337 

Finishing 360 

Forging 328-331 

Frosting steel 367 

Gledhills tests 320 

Grinding 355, 356, 357 

Hardening 332-346 

Hardening rock drills 338 

Hardening wire 366 

Hardening without scale 366 

Hardenite 341, 342 

Heat for forging 324-331 
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Shapes of hiflh-speed tools 
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Temperature changes 
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DIRECTORY OF SUPPLIES. 



AIR HARDENING STEEL. 

Edwin R. Kent & Co Chicago, 111. 

Geo. R. Nash & Co New York. 

Edgar T. Ward's Sons Boston, Mass. 

BORING TOOLS. 

Three Rivers Tool Co Three Rivers, Mich. 

CASE HARDENING FURNACES. 

American Gas Furnace Co New York. 

Chicago Flexible Shaft Co Chicago, IlL 

COUNTERBORES. 

R. M. Clough Tolland, Conn. 

DRAWN STEEL SHAPES. 

Kidd Bros. & Burger Steel Wire Co Aliquippa, Pa. 

DRILL CHUCKS. 

Edwin R. Kent & Co Chicago, 111. 

DRILLS— CORE. 

Three Rivers Tool Co Three Rivers, Mich. 

DRILLS— DEEP HOLE. 

Three Rivers Tool Co Three Rivers, Mich. 

DRILL RODS. 

Edwin R. Kent & Co Chicago, 111. 

Patriarche & Bell New York. 

Kidd Bros. & Burger Steel Wire Co Aliquippa, Pa. 

DRILLS— TWIST. 

Edwin R. Kent & Co Chicago, 111. 

EMERY WHEEL DRESSERS. 

Geo. H. Calder Lancaster, Pa. 

FORGES— GAS. 

American Gas Furnace Co New York. 

FURNACES— GAS. 

American Gas Furnace Co New York. 

Chicago Flexible Shaft Co Chicago, 111. 

FURNACES— OIL. 

Chicago Flexible Shaft Co Chicago, lU. 

FURNACES— OIL— AUTOMATIC. 

American Gas Furnace Co New York. 

GRINDERS— CUTTER. 

R. M. Clough Tolland, Conn. 



HARDENING FURN^^CES. 


■ 




NcwVoA. 


Chicagd Flexible Shaft Co 




HEATING MACHINES. 




American Gas Furnace Co 


NewYgA. 


HIGH SPEED STEEL 




Win. Jeaaop S Sons, Inc 


New YcA. 


LATHE AND PLANER TOOLS. 




Armslrong Brna. Trail Cn 


Chicago, 11. 


R. M. OdUKh 


Tolland, Conn, 


ThtEf Rivers ToqI Co 


Three Riven, Sn 


MANGANESE STEEL. 




Edwin R. Kent K Co 


Chicago, 111. 


MILLING CUTTERS. 




R. M. Dough 


Tolland. Coan. 


MILLING MACHINES— VERTICAL, 




R. M. CluuBh 


Tolland, Conn, 


REAMERS. 




Three Rivers Tool Co 


Three Ri.eri.1 


REAMERS-ADJUSTABLE. 








SHEET STEEL. 






New Yorli. 


SPRING STEEL. 




Palriarche & Bell 


NewYotk. 


Edgar T. Ward's Sons 




STEEL— TOOL. 






Chicago. 111. 


Firth-Sterling Steel Co 


McKeesport.l 


Kidd Bros. S Burger Sleel Wire Co 




STEEL TUBING. 




Edgar T. Ward's Sons 


Hoslon, Mass. 


TOO& STEELS. 




Wm. Jesaop » Sons, Inc 


New York. 


TWIST DRILLS. 






Chicago in. 


ErlKar T. Ward's Sons 


IloBton.Masb 


L 
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JESSOP'S 



BEST CARBON STEEL 

and ARK SPEED STEEL 



Fo. die. and high grade TOOLS 



Jessop's "Ark" High Speed Steel 

Has stood the test. Has many imitatois 
BUT NO EQUAL 

ManufudunJ In SheffftlJj EnghnJ 



Tool Steel Forgings 

WM. JESSOP & SONS, Inc. 

91 John Street, NEW YORK CITY 



1 (Anwf Aaur tht United Stale, 
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EACH BOOK IN THIS CATALOGUE IS WRITTEN BY ' 

AN EXPERT AND IS WRITTEN SO YOU 

CAN UNDERSTAND IT 



I THE NOBiN I HENLEY PUBLISHING COMPANY 

I Publishers of Scientific and Practical Books 

132 Nassau Street New York, U.S.A. 



Any book in thn Catalogae tent prepaid on receipt of price. 
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Soldering 
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Steam Heating 

Steam Pipes 
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Valve Setting 


liquid Air 


18 




Maehlniat's Books 


17, 18, 19 


Wiring 9. 


^- ANY OF THBSE 

m^ffow to Remit. 


BOOKS PROMPTLY SENT PREPAID TO ANY 
THE WORLD ON RECEIPT OF PRICE. 

—By Postal Money Order, Eipresa Money Order 
or RegUtered Letter. 





Ka' 



.TALOGUE OF GOOD, PRACTICAL BOOKS 



AUTOMOBILE 

MODERN GASOLME AUTOMOBILE— ITS DESIGN, CONSTRUCTION, 
TENANCE AND REPAIR. By Victor W. Page, M. E. 

lest and most complete treatise on tbe Gasoline Automobilo ever Issued. Written 
lie languBee by a, recngclzod autboiity, fanuiiar witli every branch or the automobile 
■y. Friie from technical terms. Everything is explained so simply that anyone of 
e ln(«lligBiice may ealn a comprebeiiaive knowledge of the gusoline automobile, 
formation Ifl V]j>'tO'fmte and Includefl, in addition to an expoai 
ictlon and description of all types at automobilea and their ci 

-staving hints on the care and operation of motor cars propelled ny uii«mai comous- 
iglnes. Among sonie of the subjects treated might be mentioned: Torpedo and other 

(trical body forms designed (o reduct ' ""' "' '"" "' ' ' 

types of silent motors; Inoreasing teni 

sal application of magneto ignition; developn _. „ = 

;: block motors; underslung chassis: application of practical self-starters; long stroke 



ayateraa; silent chains for valvo 

■e of f^nt wheel brakes and many other detail 



•reful study of the pages of this book one can gain practical knoniedge of i 

uction that will save Ume, money and worry. The book lella you juat what to do, how 
ben to do it. Nothing has been omitted, no detail has been alighted. Every part of 
lomobile. its equipment, accessories, tools, supplies, syare parts necessary, etc., have 
ItBCuased comprehensively. If you are or intend to become a motorist, or are in 
ay interested in the mocjera Gasoline .iutomobile, this Is a book you cannot afford to 
bout. Nearly 600 Qx9 pagea — and more than 500 new and specially made detail 11- 
lons. OS well as many fulIpaEe and double page plaMs, showing all parts of the 
jbile. Including nine large fi>lding plates. Prfce S9.60 

BALLOONS AND FLYING MACHIWES 

;L BALLOOHS and FLYIRG MACHmES. WITH A SHORT ACCOUNT OF 
PROGRESS OF AVIATION. By J. H. Alexani>ee. 

Kik has been written with a view to assist tliose who desire to construct a model airship 
..._. .. — ..,_. = ,g folding plates of working drawings, each sheet containinE 



zed machine. 

lunt of the progress of aviation la included, which will render the book of greater 
.. ...^veral illustrations of full slued airship and flying machines o( the latest types an; 
ed throughout th<^ text. This practical work Rives data, working drawings, and details 

"' ' " ed ill the utoblema of night. 127 pages, 45 lllustra- 

»1.50 

BRAZING AND SOLDERING 



catixl formulas for a. 



ERN SUBMARINE CHART— WITH 200 PARTS NUMBERED AND NAMED, 
s-sectlon view, showing clearly and dlsUnctly all the l..ter[or of a Submarine of the 
type. You get more information from this chart, ahoiit the construction and opera- 
a Submarine, than in any other nay. No details omitted-— everything is accurate 
< scale. It Is absolutely correct in every detail, having l>een approved by Naval 
lers. All tbcmodilnery and devices fitted In a modem Submarine Boat ore shown, and 
:e the engraving more readily understood all the features are shown In operative form, 
Ifflcers and Men in the act of performing the duties aaslgned to them in service con- 



I 



r CATALOGUE OF GOOD. PRACTICAL 

BOX CAR CHART. 

A cliarl showing the analoniy of a box car. having ev-eiy pari of the car numbere 
proper name given in a reference list i 

GONDOLA CAR CHART. 

A Chan ahowhiK the anaioniy of a Bondola car, having every part ol the car numb 
its proper reference name given in a reference list 1 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passenjer car, having every part of the car numb 
its proper name given in a reference list S 

WESTINGH0D5E AIR-BRAKE CHARTS. 

Chart I. — BhoWH (m colors) the most modein WeslinghousB High Speed and 9i«nB 
ment used on Passenger Engiiie». Passeoeer Eneine Tenders, and Passenger Can 
II. — Shows (hi colors) the Standard Wealinghouse Equipment tor Freight sod Bw 
dnes. Freight and Switch Engine Tenders, and Fisight Cars. Price for the set . t 

TRACTIVE POWER CHART. 

A chart wherebj you can And the Iruclivo power or drawbar pull of any locoinotivH, 
mailing a figure. Shows what cyljnderd are equal, how driving wheels and steam 
affect the power. What sized eoglne you need to exert a given drawbar puii ur 
you desire in this line ^ S 

HORSE POWER CHART. 

shows the horse power ot any stationary engine without caiculatlon. No mailer ' 
cylinder diameter of Klroiie; the steam pressure or cut-ofT; the revolulions. or whei 
densing or non-condensiuE, it's all there. Easy to use, accurate, and .saves time ai 
lations. Especially useful to engineers and designers . . . B 

BOILER ROOM CHART. ByGBO. L. Fowi^H. 

A Chart — size 14 x 2B Inches — showing in taomelric perspective the mechanisms I 
in a modem boiler room. Water tube boilers, ordhiary grates and mechanical stok 
watet heaters and pumps compri!<e the equipment. The various pans are shown b 
removed, so thai the internal consiniclion is fully illustrated. Each part Is given a. 



CIVIL ENGMEERING 



HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AHD / 
TRADES. Edited by Joseph G. Horneh, A. M. I. E. M. 
This Bet ot five votumea contains about 2,500 pages with thousands of Illustrations, i 
diaEramtnatlc and sectional drawings with full explanatory details. This work cc 

entire practice of Civil and Mechanical Engineering. The best known experts in aU I 
ot enciDeering liave contributed to these volumes. The Cyclopedia is admirably weli 
to the needs of the beeinuir and the self-taught practical inaii. as well as the mecha 
Shieer, designer, draftsman, shop superintendent, foreman . and machinist. The worl 
found a means of advancement to any progressive man. 11 is encyclopedic in scope, l 
and practical in Its treatment of technical subjects, simple and clear In its descriptive 
— J _.i.u_.|( unnecessary technicalities or formulae. The articles are as brief as ma] 

Li_ _, . — .:„,. _. . jj[ jj,^ subject, ani* -" ■ — ' '— - 

rs of which they w 

-ly, so dearly, ao t 

without a peer. S6.00 per sinElc 

COKE 

COKE—MODERN COKING PRACTICE; INCLUDING THE AKALYS 
MATERIALS AND PRODUCTS. By T. H. Bvrom and J. E. Chribtophei 

A handbook for those engaged in Coke manufacture and the recovery of By-products, 
UluBtmted with folding plates. It has been the aim of the aulhOrs,>in preparing tb 
lo produce one which Bhall be ol use ana tieneftt. Xo Wiobb ^feo we Mno^wd wiih, i 
'vted in. the modern developmenls ol Vaa \od\M,t,Ts- corw»x»-. \. \m.™!.aKV<K-i . 



.TALOGUE OF GOOD, PRACTICAL BOOKS ^ 

lassificatlon of Fuels. Ill, Coal Washing. tV. The Sampling and Valuation of Coal. 
elc. V. The Calorific Power ot Coal and Coke. VI. Coke Ovena. VII. Coke Ovens. 
.ued. VIII. Coke Ovena, oonthiued. IX. Charging and Dlachareing o( Coke Ovens, 
■oLine and CoDdeDslng Plant. XI. Gaa Exhausters. XII. Composition and Analysts 
nmaniacal Liquor. XIII. Worklng-un of Ammonlaeal Liquor. XIV. Treatment of 
i leases from Sulphate Plants. XV. Valuation of Ammonium Sulphato. XVI. Direct 
fery of Ammonia from Coke Oven Gasea. XVll. Surplus Oaa (lom Coke Oven. Use- 
ibles. Verr fully UlusCiatBd. Price S3. GO net 

COMPRESSED AIR 

[PRESSED AIR IN ALL ITS APPLICATIONS. By Gardnkk D. Hi.scox. 
iQ the subject of Air that has 



diapters include about every uhaso of tho subjoct one can think of. It lui., 

(tepodia of compresied air. It Is written by an eipert, who, in its 665 p^ea, has dealt 
the subject In a comprehensive manner, no phase of it being omitted. Includes the 
ical properties of air Irom a vacuum to Its highest pressure, ita thermodynamics, com- 
lion, transmission and uses as a motive power: in the Operation of Stationary and Port- 
Machinery, 111 Mining. Air Tools, Air Lifts, Pumping of Water, Aclda, and Oils; the 
Blast for Cleaning and Palnthig. the Sand Blast and its Work, and tho Numerous Appll- 
■ In which Compressed Air is a Most Convenient and Economical Transmitter of Power 
rfechanical Work, Railway Fropulaion, Reiteration, and the Various Uses to which 
pressed Air has been applied. Includes forty-four tables of the physical properties of 
ts compression, expansion, and volumes required for various kinds of work, and a list of 
Its on compressed air from 1S75 to date. Over 600 Illustrations, 5th Edition, revised and 
sod. Cloth bound, SG.OO. Half Morocco, price S6.fi0 

CONCRETE 



AMEHTAL CONCRETE WITHOUT MOLDS. By A, A. Hocghton. 
iToccss for making ornamental concrete without molds has long been held as a secret, and 
tor the first lime, xhh process is given to the public. The book reveala the secret and Is 
lily book published wtilch explains a simple, practical method whereby the concrete worker 
abled. by employiuK wood and metal templates ot diHerent designs, to mold or model In 
■ete any Cornice, Arohivolt. Column, Pedestal, Base Cap, Urn or Pier hi a monolithic 
— right upon the iob. These may he molded In unltsor blocks, and then buUt up to suit the 
Rcat ions demanded. This worklsfuliy illustrated, with detailed engravings. Price SS.OO 

CRETE FROM SAND MOLDS. By A, A. Hooghton. 

actical Work treating on a process which iias heretofore been held as a trade secret by 
ew who possessed it, and which will Euccessluily mold every and any class of ornamental 
rete work. The process of molding concrete with sand molds Ls of the utmost practical 
1, po^sessinE the manifold advantages ot a low cost of molds, the ease and raoidlty ot 
ation, perfect details to all ornamental designs, density, and increased strength of the 
rete. perfect curintt of the work vrilhout attention and the easy removal of the molds re- 
leas of any undercutting the design may have. 192 pages. FuUy Illustrated. Price 32.00 

[CRETE WALL FORMS. By A. A. HouQerou. 

>w automatic wail clamp is illustrated with workluK drawings. Other types of wall 

IS, clamps, separators, etc., are also illustrated and explained 60 cents 

ICRETE FLOORS AND SIDEWALKS. By A. A. HouaHroN. 
molds for moidlng squares, hexagonal and many other styles of mosaic floor and side- 
t blocks are fully liiustisted and explained 50 «n<s 

4CTICAL CONCRETE SllO CONSTRUCTIOH. By A. A, Houghton. 

iplete working drawings and speclHcarions are given for several styles of concrete silos. 
. iliustiatlans of molds for monolitlilc anr! Mock silos. The tables, data and information 
EQled in this book are of the utmost value hi pianniuEand constructing ail forms of concrete 

60 corns 

>LDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By 
i.. Houghton. 

manufacture of all types of concrete slate and roof tile is fully treated. Valuable data 
11 forms of relnforoffl concreie roofs are contained withm its pages. The construction ot 
Tele chimneys by block and monoUlhie systems Ls tuily iiiustrateU anrl described. A 
her of ornamental designs of cbinitey construction with molds are shown in this vbIu- 
treatlse ijq >Hati 



^^^m^k 
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MOLDIHG ABD CDBIHG ORHAMEHTAL COKCRETE. By A. A. Hor 
The proper proportion? of comeiit and agBrceati's for various finishes, alaa ibe f ■ 
tliorougbly nililiiganii placing in Liic mo ids. are riiliy ireated. ADeihauallVB truit.- 
B'lhjeci tliBt Evury concrcti! worker will flnil of daily use and value 

CONCRETE MONUMENTS, MAUSOLEUMS AHD BURIAL VAULTS. K 

[lOUOHTON. 

TliB inoidiug 



a fully li 



e drawtniH ol eaaUy buiU molds, Cuctinc inscripilana snii qai! 



MOLDING CONCRETE BATH TUBS, AQUARIUMS AND NATATGHIDIO 
By A. A. Houghton. 

i given for moldlng_manj^»l_yl^^pt_concrele l>*lblj 



I pooia. etc. TliBSB molds arc easily built and permit rapid and 



SOM 



CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. Hodgbb 

center or core for tiridgea, culverts and sewers Is fully Illustrated witii detailed inslructiiuB 
bulidlne 60 « 

COHSTRUCTIMG CONCRETE PORCHES. By A. A. Hocqhton. 
A number of tleuigns with worldng drawings of molds are fully explained so anfjae cues 
i;oniitruct dUferenl styles of ornamental concrete porobes without the purchase of aipa 
molds 60 O 

MOLDING CONCRETE FLOWER POTS, BOXES, JABDIHIERES, ETC. 

A. A, HOCGHTON, 

The moldii for producing tnanr original desicns of flower pots, urns, Bower boxes, Jirdlai 
etc., are fully illustrated ana explained, so the worker cbd eaaUy construct and on 
same 60a 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. 

A. A, Houghton. 

The molding of a number of designs of lawn seats, curbing, bitching posts, pergolas, lun 

anil other forms of ornamental concrete lor ttie ornamsntatloo of lawns and ncdei 



COHCRETE FOR THE FARM AMD SHOP. By A. A. HoiraHTON. 

The molding of drain tile, tanks, cisterns, fence posts, stable floors, hog and pouitrr hi 
nnd all Iho purposes tor which concrete is an invaluable aid to the farmer are numt 
Among the contents of this handy volume SO t 

POPULAR HAMDBOOK FOR CEMEHT AND CONCRETE USERS. By My 

H. Lewis. 

Tbla Is a concise treatise of tbe principles and methods employed in the maau&cture tiM 

the salient malter of Interest to (be user of concrete and Its many diversified products, 
matter is preacnWd In logical and systematic order, clearly written, fully illustrated and 
from Involved mathematics. Everything of value to the concrete user U given Includlngt 
of cetnent employed in construction, concrete architecture, inspection and testing, in 
proofing, colorhig: and painting, rules, tables, working, and cost data. The book comp 
thlrty-tliree chapters, as follows: 

Introductory. Kinds of Ceraentfl and How ThBy are Made. Propertleo, Testini 
Requirements of HydrauUc Cement. Concrete and Its Pronertiea, Sand. Broken Stem 
Gravel for Concrete, How to Proportion the Mattrlals. How lo Mis and Place Cone 
Forms tor Concrete ConstnicUon. TheArchitectural and Artistic Posslbilltiea ofCotir 
" B Resideneea, Mortars, Plasters and Stucco and How to TTse Them, "" 



Treatment of Concroto Surfaces, Concrete Building Blocks. The Maktng of Ornatn 
Concrete. Concrete Pipes, Fences, Posts. Etc. Essential Features and Advautapes of I 
forced Concrete. How to Design ReejxtoTce^ C.w:ictt\fc "\ie*.w», %^^ ^t,* CzAwixna- 
planaClona at the Methods and PrttuAnlen l\i Tii]Rinn.\n». ^/aeolmiwa Qmasw* Vawh 

Slabs, s j^tooia of BeeaTorceaiein. Em^Q^ed. B.™ia^OTwAC«octisw\»^»*!MKi«i«>.' 
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g Construction. ConciretB In Foundation Work. CoDcreCe Retaining Walls, t 
- ■ ilieads. Concrete Arches and Arch Bridges. Concrete Benni and G 
— ._ Q J r.-.. ,r„.,-_ ^ .^ Tanks. Dams and K 



'alkB. Curix 



„. Sidewalks. Curbs and Pavements. Concrete in Kallroad Cons 

._B Utility at Concrete on the Farm. The Waterproofing of Concrete Structure. C 

^ijj r Liquid Concrete and Its Use. Inspection of Concrete Work. Cost of Concrete V 

^Sooie of the special festuras of the book are; 1. The Attention Paid to the Artistk 

^^icbltectFural Side of Concrete Work. 2. The AutJiuritative Treatment of Che Pro 

—a Waterprooflng Concrete. 3. An Eioellent Hummary of the Rules to be Followi 

n .„ ,-.„„_„._.,__ J q-jju valunblH Cost Data and Useful Tables given. A vali 

if Every Cement and Concrete User. Price S 

WATERPROOFING CONCRETE. By MYHO^f H. Lewis. 
^■fnriiirQ Methods of WaterptooRng Concrete and Other Structures. A condensed state 
3 Principles, Rules, and Precautions to be Observed in Waterproofing and D 
ig Sn^ctures and Structural Materials, Paper binding. Illustrated. Price. .COi 

DICTIONARIES 

flDARD ELECTRICAL DICTIONARY. By T. O'Conob Sloanb. 

s work to all Inlerested in electrical science. Suitable alike for the sti 
A practical tiand-buok of reference containing definitions of about 

i, terms and phrases. The definitions are terse and conciiie and include < 

I used In electrical science. Recently issued. An entirely new edition. Should 

lion of all who desire to keep abreast with the progress of this branch of sci 

'jeaod convenient. 6S2pages. ^y^ UlUBtratiuns. Price , , , , S 

DIES— METAL WORK 

: THEIR CONSTRUCTION AND DSE FOR THE MODERH WORKIKC 

^ET METALS. By J. V. Woodworth. 

nd one which shouid he in the hands of all engaged in the press wo 

n the Deslening, Constructing, and Use of Tools. Fixtures and De 

iner in which they should be used In the Power Press, for the chea] 

d production of the great variety of sheet metal articles now in use. It is designed 

Je lo the production of sheet metal parts at the minimum of cost with the maximv 

nut. The hardening and tempering of Press tools and the classes of work which mj 

jauced to the best advantage by the use of dies in the power press are fully treated, 

i illustrations show dies, press fixtures and sheet metal working devices, the descrlc 

^~^'ch are so clear and practical that aU metal-working mechanics will be able to under 

deslEn, construct and use them. Many of the dies and press Ilxtutes treated 

constructed by the author or under his nupervision. Others were hulll by s 

aaaics aud are in use in large sheet metal establishments and machine shops. Price S 

HCHES, DIES AND TOOLS FOR MAHUFACTUHING IN PRESSES. By . 



I work is a companion volume to the ai 
Urtiuctlon and Use." It does not go Into 
Bor'a preyiouB book, but gives a comprehe: 

' * large part of the hiformallon i 

,.. It might wen be termed an En ,. . „ 

Sheet Metal Working, and Making of Special Tools. Sub-presses, Devices and Moc 

'•'•■—' '"- Punching, CutthiB, Bending. Forming, Piercing, Drawing Compre 

lu nnne..i.ui.iiB .jumi. Metal Parts. and also Articles of other "-•-■'-i- '- >■ — >•' — -i 
1 Edition. Price 



This is a practical treatise on Modern Shop Practice, ProcoaBea, Methods, Machhiea, 1 
iiTid Details, treating on the Hot and Cold Machine- forming of Steel and Iron Into Fin 
yliupea: Together with Tools. Dies, and MachirretV to'JoWBdVnUwmftn.u.faetuieot Dupi 



.AXlaL 
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Forgings aod Int«rchangcabla Hot and Cold Pressed Parts rrom Bar and S1w«I 

^u... ■ — .. =.,_ . J ■ ^f j^^ staodlnB for informition resurdlng drop ronrtng. die- 

„ „. steel and the shop practice involved, oa it acluaUf exfeu 

modern dmp forBlng shop. The proceaaes of difyalnklng and rorce-makins, whldi tu 
oUKhly deBCrlbed and llliutrated fit this admirable work, are rarely to be round eipli 
Bucn a clear and coDdse manner as la here set forth. The procass of dle-Blnldiig n 
the onBravlog or ainklog of the female or lower dies, such as are used for drop forgii 
uid cold machine forging, swedging and the press working of metals. The procvas o 
makliig relales to the engraving or ratelng of the male or upper dies usod in prodiu 
lower dies fur the press-formiog and macliino-forEing of dupucnte parts of metal. 

In addition to the arts above mentioned the book CDnta,lns explicit Lofonaatioa n 
the drop forging and hardening plants, deslgna, conditions, equipment, drop hi 
forglDK macluneH, etc., machine forging, hydraulic forging, autogenous welding ai 
practico. The book contains cloven Aapmra. and the Informat' . ._ -t — 



.11 prove mo9t valuable to the forged metal worker. 

In the work are thoroughly ill iistrated by moans of perspcotive haJf-Cones andouUtnei 
of the machinery employed. 300 detailed iliustratlons. Price 

DRAWING— SKETOmWG PAPER 

LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Kraus. 

Thi.? work gives the theory aud practice of Ihiear perspective, as used In arohlleelui 
neerine. and mechanical drawings. Persons taking up the study of the subject by (bi 
will be able by the use of tbe instruction given to readily grasp the subject, and bj 
able practice became good peranective draftsmen. The airangemeot of the book 
(he plale is on the left-hand, while the desctlptlve text tollaws on tbe opposite page, 
be readily referred to. The drawings are on sufficiently large scale to show the worl 
and ate plainly figured. The whole work makea a verv •Mimnlfie murBP on nenmpptii 
hig, and will be found of great value to architects, ( 



PRACTICAL PERSPECTIVE. By RicHams and Colvin. 

Shows just how to make all kinds of mechanical drawinxs in (he only practical per 



In this way. Saves time In the drawing room, and mistakes in the shops. Contains j 
examples of various classes of work. 3rd Edition 6 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY HA 
DESIGN. By F- L, SixvEaTEH, M.E„ Draftfitnan, with additions by Ehik ( 
associate editor of " Macliinery," 



This la a practical treatise on Mechanical Drawing and Machine DosigD. comprli 
Brst principles of geometric and mechanical drawtng, work«'">" in»Hn"mo.«™ ma 
atrength of materials and the calculations and design of n 



aim has been to adapt this treatise to the requirements of the practical mechanic an( 
draftsman and to present the matter In as clear and concise a manner as posait 
meet the demands of this class of students, practically all the Important elements of i 
design have been dealt with, and In addition algebraic formulas have been explain 
tbe elements of trigonometry treated la the manner best suitod to the needs of U 
tical man. The book la divided Into 20 chapters, and In arranging the material, t 
leal drawing, pure and aimple, has been taken up first, as a thorough luuterstandlni 

Erindples of representing objects fadlltales the further study of roerJianlcal subjecb 
followed by the mathematjcs necessary for the solutloo of the problems in maci 
sign which are presented later, and a practical Introduction to tneoretjcal mechao 
the strength of materials. The various elements entering Into machine design, such i 
gears, sprocket wheels, cone pulleys, bolts, acrewi, couplings, clutches, shafting t 
wheels have been treated in such a way as to make possible the use of the work as 
hook for a raintlnuDua course of study. It la easily comprehended and aaalmllatfld ■ 
nlted previous training. 330 pages, 215 engravings. Price, . . . 

A NEW SKETCHING PAPER. 
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ELECTEICITT 



.., arithmetic: each n 

r i solulion ot each one. This bo 

works nubhahed on the science of electricity covering m 
iiity in a manner that will aliract the attention ot those w 
1 formulas. 20th Edition. IBO pages. Price . . . , 



ATOR COnSTRDCTIOH. By Wm. Baxter, Jr. 

business end ot any dynamo or motor ot the direct current type Is the col 
ftoeB Into the dcj^fsnlnB, bniiillns, and maintenance ot commutators, she 

R AMO BUILDIHG FOE AMATEURS, OR HOW TO CONSTRUCT j 
niAMO. By Arthuk J. Weed, Member of N, Y. Electrical Sod 

ntctlcal treatise showing in detail the constniction of a small dynamo or 

iKlveii for each piece of machine work and each operation la clearly 
alne. v/hea used as a dynamo, has an outpnt of titty watts; when MEGd 
a mnall drill oress or lathe. It can be used to drive a sewing machlnj 
axy work. The book Is lUusCrated with more than sixty ortglDal enl 
dnuil conBtmction of the diSeront parts. Among the contents arectai 
Dynamo. S. Side Bearing Hods. 3. Field Punchlnea, 4. Bearlnj 
. e. Pulley. 7. Brush m.ldors. S. Connection Board. 9. Arma 
kture. 11. Armature Winding. 12. Field Winding. 13. Connectli 
, paper, 50 cents. Cloth 

BCTRIC FURNACES AND THEIR INDUSTRIAL APPLICATIONS, 

... .o many classes of people; thee 
nanufactured successfuliy in the ele 

l3'not'__ 

..- y the tyro 

_ , 1\ rrcatiiie ot what has been done, and of what Is being di 

d commercially with the electric furnace, 
important processes not only are the chemical equations given, bi 

t, thus giving the work a solid commercial value aside from its etSca 
B practical features of furnace building are given the a™.™ ihot iv 
tn> and refractory materials used in the llnlnes, the 

rides, and other Important detallsate eiplained. ^ . 
lUuetrated. Price 

BCTRIC LIGHTING AND HEATING POCKET BOOK. By Sydn 



1* book puts In convenient forn- 
<ie attached ■- ■'- ' — 



-^mpany. Tables of u: 

I'S and formulas are stated. 

tchboards and related ei 
an. a fifth section, to a. 

iBsoryappilBncci 

'.rations shown give a good idea of the general appearance of the 
The book also contains much valuable Information for the cen 
iges. SOO engravings. Bound ia leather pocket book form. ] 

ECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By New 

|tlu>roughly practical treatise covering the subject of Electric Wiring in 
Vluding explanations and diaerama which are thoroughly eipUclt and 
IS aubjeet. Practical every-day problems In wlrine are presented ant 
tabling laCelllsBat results ciearly showD, Only ariXtouAic \b ijiRfi.. *» 
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a 



1 simple expluiiLtion 



p expluiiLtion iTltb reference to wiring Tor direct and altermitliiE ciurenca, Tb«A 
principle of drop of potenMal In clrculta Is shown with its vanoua appUcWioiii. 

,.- circuit 19 developed with Uie position of maina. feeders odi) bnmcnM: Uutci 

mept u a part of a wiring pl&n and their emplorment In house-wiilns ciaarly lUun 
Some simple facts about teatlDg are included in connection, with Ihe wiring. Mi 
and conduit work aro givep careful comldenLtlon : and switchboards are sjsumtt 
treated, built up and Illustrated, sliowing the purpose they aarye. tor connecdoa wu 
clrculta, luid to shunt and compound wound machines. The simple piindpies of iwiich 
conBtruction. the development of the switchboard, the connections of UlB Taiioui i 
menta Including the lightning arrester, are also plalol; set forth. 
Alternating eurrait wiring is treated, with eiplanatlons of the power factor, rand 
calling for various sizes of wire and a simple way of obtaining the slzea for single-phMi 
phase and three-phase circuits. This la the c.ily Complete work Issued showing aad I 
you what you should Icoow about direct and alternating current wiriag. It is a leidj 
ence. The work la tree from advanced technicalities and taiathematlca, arilbmellc txL^ 
throughout. It is in every respect a handy. welI-writtt;D, instructive, compreb 
volume on wiring for the wiroraan, foreman, contractor, or electrician. 273 pages; IDS 
trations. Price I 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTR,'C MOTOR 

STRUCTION. By Prof. T. O'Conor Sloanb. 

Thin work treats of the making at home of electrical toys, electrical apparatus, motors, dj] 

and Instruments in general, and is designed to bring witliin the reach of young and 01 

manufacture of genuine and useful electrical appliances. The worl: is especially deslai 

amateurs and young folks. 

Thousands of our young people are daily eiperimentine, and busUy eogaged in making elp 

toys and apparatus of various kinds. The present work is just what is wanted to gl 

much needed informatlou in a plain, practical manner, with Illustrations to make ca 

carrying out of the work. I9th Edition. Price I 

ELECTRICIAN'S HANDY BOOK. By Prof. T. O'Conor Sloane. 

This work of 768 pages Is inlendeii for tbe practical electrician who baa to make thli 
The entire field of electricity la covered within its pages. Among someof thesubjecti I 
are; The Theory of the Electric Current and Circuit, Elect ro-C hernial ry. Primary Bal 
Storage Batteries, Generation and Utilization of Electric Powers. Alteinalitig Current, 
e Winding. Dynamos and Motom, Motor Generators. Operation of the Centnl E 



Railways, Telephony, BeU-WIring, Electro- Plating, Electric Healing, Wireless Telegrapt 
It contains no useless theory; everything la to the point. It teaches you Just what yo 
to know about eleclricity. It is the standard work published on the subject. For 
Etiapters, 010 engrarliiss, handsomely bound in red leather with title and edges in gold. 

ELECTRICITY IN FACTORIES AND WORKSHOPS, ITS COST AHDCONVEHIl 
By AsTHua P. Haslam. 

A practical book for power producers and power usera ahowing what ft convenience the • 
motor^ In its various forma, baa become lo the moderu manulactuier. It also deals w 
conriiiiona which determine the cost of electric driving, and comparea tlds wjlh other m 
uf producing and utilizing power. 

Among the chapters contained in the book are; The Direct Current Motor; The Allei 
Current Motor; The Starting and Speed Regulation of Electric Motors: The Rati 
^«„: . T^l,..^. _. .,-u. ... . ,. -,a^AiIret«J by__Conditiona of Worku 

. . . . _ Textile F« 

c Power In Englneerlna__Wqr 

tl Establishments. 312 pages. Very fully Illustrated. Price 

ELECTRICITY SIMPLIFIED. By Prof. T. O'Cosob Sloajje. 

The object of " Electricity SimpUfled" is to make the subject as plain as possible and t 
whet the modem conception of electricity is; to show how two plates of different 
immersed In acid can send a message around the globe; to explain how a bundle of coppi 
rotated by a steam engine can be the agent in lighting our streets, to tell what the vol 
and ajn;>ere are, and what high and low Utnalo'a nuasi', utd, \a ajimer the aueaUon 
/ie(7fe(uaZ/y arise In tile mind In this age otdficwWiVf, viiva%i». \Miiaw»,'wA. 'SrtKie 



; The Installation of Electric Motors; The Li 



lO 
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COTJSE WntmC. By Thomas W. Poppe. 



X Board of Fire Uoderwrilera. It glyea just the Information essential ti. _. 

Virlng of a BulldlnB. Anion* the subjects treated are; Ixicaitlng the Meter. Ponei Boan 

t^witches. Plug RBCeptades. Braeketa. Ceiling FJituros. Tho •■-*— " *' — ■" 

" ■ "" — . The"—' * .. «.t.. =..-. — mu-™.„....„ ,. 



I metallic wiring syaH 



,.„_^ . . — n for doing bo shown and explained. The i 

n of the metal parte of lamp fiiturea and the reason for the same described si 

Slustrated. 125 pages. Fully UluGtraled. Flexlbla cloth. Price 60 cen 

IBOW TO BECOME A SUCCESSFUL ELECTRICIAH. By Prof. T. O'Conor Sloan 

^vcry young man wlio wishes to become a successriil electrician should read Ihia book. It te 
tn simple lansuage the surest and easiest way to become a successful electrician. The slud. 
■to be followed, methods of work, field of opentlion and [he requiremenls of the Euccesa) 
■Sleclrician are pointed out and fully eiplalned. Every youne eoglneer «'iii inii this nn a 
Eellcnt stepping-Btone to more advanced works on electricity which h 



__a be attained. Many yoi 

wtterapting to read and -'•-•'-' ■■ — '-- 
serves as tho connecting . 
study of eicctricitj. It 



tudy b 



.visen the rudiments ti 



_t the _., 

aprahenslon. This b 



02_pac< 



n the public EchoaLt and the rt 

.... . . . _ Fifteenth edition. "" 

lualrated. Price . 

. MANAGEMEHT OF DYHAMOS. By Lummib-Patehbon. 

A handbook of theory and practice. This work Is arranged In three parts. The Rrsl 



/ theo 



'Of tl 






sses of dynamos in comi 
9 alTect the practical 

following chapters are contained i 

[Theory of the Dynamo: .Armature; An 
'*?iaotice: Regulating Dynamos; Cotrohng . 
If Dynamos; Faults In Dynamos; Faults 



Thei 



r--' '■^^ - - 

le are described; while the third pi 



ns. Price . 






Field Magnetsi Field MagnetL 

Dynamos: Installation. Running, and Maintenan 
■ '- ■ ' Motors. 3Sli pages. 117 lllusli 



iTAHDARD ELECTRICAL DICTIOHARY. By T. O'Conob Sloane. 

penssble work to all intereste 
K practical hand-bi 

r posaeBsion of all who deaire to keep abrBaat with the progosBB of tl 

le eye. while the body of tl 



els 



e non-teclmlcal rt „ 

and then ampIllV and explain in a m 
oncea to other words and phrases ai 
pages is at the end of the volume; an 
are Indeied in every 



)lan seems to be Co give an exact, concise dellnltio 
popular way. Synonyma are also given, and refi 
lade. A very complete and accurate Index of fif 
I this indoi contabiB all synonyms, and as all phrai 

... , ation of words, refterence to tne proper place in t 

book Is readily made. It is difficult to decide how far a book of this characl 

„ he dictionary form, and to what eitent it may asaurao the encyclopedia fori 

For some purposes, concise, exactly worded dellnltlona are needed ; for other purposes, mo 
extended descriptions are required. This book seeks to satisfy both demands, and does 
with considerable success. Complete, concise, and convenient, 632 pages. 393 Illustr 
ttons. Twelfth edition. Price *3.C 



SWITCHBOARDS. By William Baxter, Ja. 



by dlaeiam and illusti 
J&srrated. Pace , 
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TELEPHONE COHSTRUCTIOH, INSTALLATIOS, WIRISG, OPEHATIOH t 
MAIHTEHAHCE. By \V. 11. Raucliffe and H. C. Gushing. 

This book gives tlio principlesof coastructlouKudoperaUoiiof both the Bell &iidladep«a 
iDfitru^aenca; approved mottiodB of infitaltiuR uid wiriiLB them; the Tneana of protecliDgb 
from lightniiig and abnormal currenls; their coimecrtlon together for operation aa serii 
liridging ttatlODs; and rulus For thoir inspection and maiDCenance. Line wiling and tbc 
ing and operation of Epedal t^li^phone eystems are also treatnl. 

Intricata mathooiBtica are avaldod, and all apparatus, dnnilts and systems are thoron 
dKcribed. The appendix contains deAnltions of units and terms used In the ten. Sdg 
wiling tables^ ivhicb are very holpful. are alao includod. Among the subjects Q«&t«l 
Construction. Operation, and installation of Teleplione lastnunenls. Inspection and U 
Umance of Telephone Inatrumenta: Telephone Line Whing: Testing Telephone Line II 
and CablEs; Wlriug and Operation or SpedtU Telephone Systems, etc lOO pages. I2SII 
tnitiona H 

WIRELESS TELEGRAPHY AHD TELEPHONY SIMPLY EXPLAIHI 

Bt Alfred P. Morgan. 

This is undoubtedly one of the moat complete nnd comprahcnsible treatises on Che nt 
ever published, and a dose study of ita pages will enable one to master all the detail Ol 
virclGSB transmissiou of messages. The uuthor has fllied a long felt want and has aucegi 
in tumlaliing a lucid, comprehensible explanation in simple language of the theory 
practice of nlrelcsB telegraphy and telephony. 

Among the contents are: Introductory: Wireless Transmission and Recepttoi!— 
Aerial System. Earth Cpnnectlons — The TransmlttinB Apparatus. Spark Coils and Ti 
formers. Condensers, Helixes, Bpark Oaps. Anchor Gaps. Aerial Snitches— The Rsrai 
Apparatus, Detectors, etc. — Tuning and Coupling, Tuning OoUa, Loose Couplers, Tari 
Condensers. Directive Wave Systems — M Iscellaueous Apparatus. Telephone Reed- 
KunEB of Stations, Static, Intcrferenco — Wiroless Telephones, Sound and Sound Waves, 
Vocal Corrta and Ear — Wireless Telephones, How Sounds are changed Inla Electric Wa? 
Wireless Telephones, The Apparatus — Summary, 200 pages. ISO engravli^. Price S: 

WIRELESSTELEPHOHESAHDHOWTHEYWORK. By Jambs Erskinb-Mcbi 

This woilc ia Iree fiom elaborate details and aims at giving a clear survey of the way In * 
Wireless Telephones work. It Is Intended lor amateur workers and (or those whose kaowl 
of eleclricity ia alight. Chapters contained: How We Hear: Historical; The Conversk 
Sound into Electric Waves; Wireless Transmission; The Production of Allematinj Cun 
of High Iftequency; How the Electric Waves are Radiated and Received; The Recel 
Instruments: Detectors: Achievements and Eipcctalions ; Glossary of Techiucal W< 

WIRING A HOUSE. By Hbkbekt Pratt. 

Shows a house already built; tella just how to start about wiring it; where to begin; 
wire to use: how to run it according lo Insurance Rules; in fact just tlie infotmBIion you i 
Dkectlous apply equally to a slio|). Pourtti edilion Sit 



FACTORY MANAGEMENT, ETC. 

MODERN MACHINE SHOP COnSTRDCTION, EQUIPMENT AND HAHAGEHI 

By O. E. Peruigo, M.E. 

The only woik published that describes the modern machine shop or manufacturing plant 
the time the grass Is growine on the site Intended for it until the Snished product is shli 
By B careful study of its thirty-two chapters the practical man may economically b 
efficiently equip, and Buccessfully manage the modern machine shop or manufacturing a 
ishment. Juat the book needed ny those contemplating th ■ ' ~~' '■ — >---■-■ 



it old ones, or the introduction of modern shop m 



Id hiustrated by 
" -— fqels, Uisine 
<k for practical 

- - -_ d«ciS«ai^4i 

aad yet tbe most efficient time and cost sjaleni se^, 4ei\aei. tAta 



Smen who are too busy to read tkeorir.a and want facts, 
□r its kind ever publish^, II is a practical book for practical men. from the appre' 
in the shop to the president iu the office. UniinuW.\3 dssciA>eaMi4a\.\i«.T».v«4i.Vi»nK«)[«ii 
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^iBUSTIOH OF COAL AND THE PHEVEMTION OF SMOKE. By Wm. M. Bam 
■la book has been proparGcl with apeclBl reference to the generatiOQ of heit by the corabm 
mk of the coFQniuu TuoLk Cuund In the Uulted states, and deals particularly viCh the condi 

,*a Locomotive Steam Boilers. 

t [ircBentation uf this important subject is systematic and progressive. The arransemen 

I ■ liook la In a series of practical questions to which ars appended accurate answen 

li describe In language, 'free from technicalities, tbe several processes luvolped In th 

1 i.-Q eombustioQ of American fuels ; It clearly states the essential requlsltos for porfec 

111 piixtion. und points out tbe bratmetbuds for furnace construction for obtainliie the great 

- iiiantlty of heat from any given quality of coal. Nearly 360 pagea. fully Illustrated 

c-!ca U S1.0I 

MOKE FREVEnnon AND FUEL ECONOMY. By Booth and Kboshaw. 

complele treatise lor all interested in amoke prevention and combustion, being based o 

clplea of fui 
s the propp 

Sii'ntific methods tor ohtainlne ail the energy in the eoa] and burning it without amolu 
considerable space is also given to tbe exammatloD of tbe waste gases, and several ot th 
eprcseatative English and American mechanical stoiter and similar appliances are described 
T\k losses carried away In the waste gases are tboroughly aruilyzed and discussed in the Ap 
►endix, and abstracts are also here given ot various patents on combustion apparatus. Tfii 
kook IS complete and contains much ot value lo all who have charge ot large plaats, 10' 
>ages. Illustrated. Price 99.61 

GAS ENGINES AND GAS 

GASOLINE ENGINES : THEIR OPERATION, USE AND CARE. By A, Htat 

Veuhh-l. 

Tlic Simplest. Latest and Most Comprobonsive popular work published on Gasoline Engine 
di'ji'nbing what tbe Gasoline engine is: 1(jj construction and operation : bow to Install It 
biiw lo sdect It; how Co use it and how to remedy troubles erkcountared. Intended for owners 
' >|i<.'ratora and Users of Gasoline Motors of all kinds. This work fully describes and lllus 

■■ '—- ■ of Gasolhio englnoB used In Motor Boats, Motor Vehicles a— 

parts, accessories and Appliances — ■' "■"■* —'"■ ~' 

. .. _. _. ,jir of motors with useful hints am 

pairs and make-ahlfts. A complete glossary of technical 



unary Work. The parts, accessories and Appliances are described, with chapters o: 

ion, fuel, lubricatir- " -■ '-- ----•-■-- '-' - — — -'— ■ ■ -- -■- 

■ n and rei 
ike-ahlfts. 

s and thdr symptoms form most valuable and unique features of tbl 
Illustration in the book Is original, having been made by the author 



fuel, lubrication, operation and engine troubleij- Special attention la given 

' ' ' motors with useful hints and suggestions on emernpncy 

— .. .jmplete glossary of technical tflrms and an alphabetlcalljr 

ranged table of troubles and thdr symptoms form most valuable and unique features of t 



GAS, GASOLIBE, AND OIL EHGINES. By Gardner D. Hibcox. 

lust issued, 20th revised and enlarged edition. Every userot a, gas engine needs this book 
Simple, Instructive, and right up-to-date. The only complete work on the subject. Tell 
111 about tbe tunning and management of gas. gosoUne and oil engines, as designed and manu 
Tactured in the United States, Eiploaive motors tor stationary, marine and vehicle power ari 
Nilly treated, together with illustrations ot their parts and tabulated sizes, also their care an< 
ninnlDB are included. Electric ignition by induction coll and jump spark are fully explainec 
and illustrated. Including valuable loformatlon on the testing tor economy and power and th< 
erection of power plants. 

The rules and regulations of the Board ot Fire Underwriter? in regard to the Inslallallon anf] 
management ut gasoline motors Is given in full, suggesting tbe safe installation ot exptosin 
motor power.l A list ot United States Patents issued on gas, gasoline, and oil engines and Ihei 
adjuncts from 1875 to dale b included, 4S4 pages, 410 engravings Price . . . 312. 5C 

MODERN GAS ENGINES AND PRODDCEK GAS PLANTS. By R. E. Mathot, M,E 

A guide for the gaa engine desifmer. user, and engineer in the construction, selection, purchasi 
Installation, operation, and maintenance of gas engines. More than one book on gas enginei 
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? gas enBiiB iiEer in undBratnniling thoroughly (he motor upon w 
sutboi tiBiK dlsrUBsed his subJEsct without the help of utiy r* 
reiieal es pis nations. Every pan o( the ens engine is dt 



;li II Dders landing o! tl 
gefltions as lo me pgrcnase of an engine, its instauaiion, Gi 
lable reuture of the work. 320 pages. ITS detailed lliustra 



oi^." Pc?ce 



uAS EHGUTE CONSTRUCTIOH, OR HOW TO BUILD A HALF-HORSB- 

GAS ENGINE. By pAitaELL and Weed. 

A practical treatise of 300 pages describing the theory and principles of the Bctd 

Engines of various types and thede.'^lgn and coosInictionorahalf-boiBepDwerGasEe" 

lliustraliona of the work in actual progress, together with the dimensioned worklnK. 

giving clearly thesiies of the various details: lor the student, the scientific ItiTesligaia 

imaleur mechanic. 

Tnis book treats of the subject mom from the stacdpolnt of practice than that of t) 

principles of operation of Uaa Engines are clearly and simply described and tbeL . 

, V. ....... ,-. '- --iiien up, step by step, showing in detail tl 

Price 

THE GASOLINE ENGIWE ON THE FAHM: ITS OPERATION. ] 
AND USES. By Xeno W. Putnam. 

Ttila IH a practical treatise on the Gasoline and Kerosene engine inconded for 
wanes to know •-— ' -' ' •■ ' • '- " " '-'— ~ 



___ anafte his engine and bow to apply It to all kinds o! 

It advantaoe, 

«Tecting the most siJtable engine for farm worr ' 



BiBclent Installation, with chapters on troubles, their remedies and how to avoid il 

The care and management of the farm tractor In plowing, barrowina. harvesting and 

grading are fully covered ; also plain directions are given Tor handtlog the trscMr on the' road. 



zradlng are fully covered ; also plain directions are given for handtlog the trscMr on the' road. 
Speciar attention is given to relieving farm life of its drudgery by applying power to lh» 
disagreeable small tasks which must otherwise be done by nand. Many homemade cob- 



Ivances for cutting wood, supplying kitchen, gai^en and bam with watar, loading, haulliu 
^j — ^-^ading hay. delivering grain to the bins or the feed trough are Intruded: also fall 
IS for making the englnB milk the cows, churn, wash, sweep the hr .... 



windows, etc. Very fully iUustmi^l with drawings of working parts and cuts showinj 
Stationary, Portable and Tractor Engines doing all kinds of farm work. 300 pages. Neadi 
150 engravings. 12mo. Price SLSO 

CHEMISTRY OF GAS MANUFACTURE. By H. M. Rotlss. 

This book covers points likely to arise hi the ordinary course of the duties of the engineer 01 
manager of a gas worlis not large enough to necessitate the employment of a separate chemlca 
n&S. It treats of the testing of the raw materials employed in the manufacture ot Ulumlnat 
Ing coal gas. and of the gas produced. The prepamtlon of standard solutions is given as wel 
IS the chemical and physical examination of gas coal including among its contents^ Prena 
rations of Standanl Solutions. Coal, Furnaces, Testing and Regulation. Products of Car 
bonization. Analysis of Crude Coal Gas. Analysis ot Lime. Ammonia. Analysis of Oiidi 
It imn Nanhi haionp inaiTj^is of Ftre-Brlcks and Fire-clay, Weirtom and Snaoi Oiide 
Carburet ted Water Gas. Metropolis Gas. 



il Tables, 

GEARING AND OAMS 

BEVEL GEAR TABLES. By D. Ag. ExasTHOM. 

the trigonometry and fancy figuring on bevel 

3Ut ot make them just right. There are 3S full-page tables that show every necessary 
ilon for all sizes or conibinations you're apt to need. No puzzling Hgurlng ot el 
Gives placing distance, ail the angles (including cutting angles), and the correct cutter 
A copy of this prepaires you for anything in the bevel gear line. 6fl pages, . 
CEAKGE GEAR DEVICES. 






d clianges oi 

t is usually encumbered and select such Intor 



' busy tnen who fiave not the time to go ttu-oueb the maasa 
L Bucfi a su"'-- "---" --- ■ - 
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riNG OF CAMS. By Louis Rouillion. 

iag out of cams is a serious problem unless you kDow how to KO at it right. This puts 

Ihe risht road (or proctiuillr any kind of cam yoo aw lil(i!ly to run up against. S6 oeot^^ 

HYDRAULICS ■ 

t D. Hiscox. I 

,_ ,.. of wBtar fcr all purpoaiw. Including the 

i. the flow of wiiter In pipes or couduita; the horsB-power of falling 
lurninu suu impact wat«r-whoo1s, wavo motors, centiiftieal. recIprocatiDE, and olr- 
Dps. With 30U flgiirce and dlaeratns and 30 practical tables, 

a are interested in water-works development will And this booli a useful ono. because 
1 eaclrely practical treatise upon a subject of present importance, and cannot fall In 

a rar-rficnlng fofluence. and for this reason should have a place in the working library 
■y engineer. Among the subjects treated are: Historical — Hydraulics, Properties of 
: Measurement oC the flow of Streams; Flow from Subsurfflce orlflces and noailes: 
>r water In Pipes: Siphons of various Muds: Dams and Oreat Storage Keservolrs; 
nd. Town Water Supply; Wells and their reenforcement ; Air lift metfiods of raising 

arteslBn wells; Irrigation of Arid districts: Water Power. Water Wheels: Pumps and 
ing Machinery: Redprocatfng Pumps; Hydraulic Power Transmigslon; Hydraulic 
S: Canals; Ditches; Conduits and Pipe Lines; Marine Hydraulics: Tidal and Sea 
poner. etc. 320 pages. Price S4.00 

ICE AND REFRIGERATION J 

IIT BOOK OF REFHIGERATION AND ICE MAKIRG. By A. J. WalliJB 

I one of the latest and most comprehensive reference books piiblLiheil on the subject of 
nilionand cold storage. It eEplalns the properties and refrlgeratiOE effect of the ditferenl 
<n iiiui iha miLKagemetit of refrigerating machinery and the coiistruotlun and Insulation 
ir required pipe surface for different degreea of cold- freezing mlxlurea 

„ . . , „ij ... all iJndB of provisions, cold storage 

= .,_ „ „ — Ice. data and memoranda for constant 

: by refriKcrallns engineers, with nearly one hundred tables containing valuable 



J 



int. niustrated. (5lh Ertltlon, revised.) Price 

INVENTIONS— PATENTS 

NTOR'S MANUAL, HOW TO MAKE A PATENT PAY. 
! a book designed as a guide U> Inventors In perfecting their Inventions, taking □ 
a and dlspoaintt of them. It is not In any sense a Patent Solicitor's Clrcula., „ 
t Broker's Advertisement. No advertisements of any description appear In the Wu'n. 
book containing a quarter of a century's eiperlence of a successful Inventor, together 
lOtea based upon the experience of many other Inventors. 

g the subjects treated In this work are; How to Invent. How to Secure a Good 
t. Value of Good Invention. How to eihlbit an Invention. How to Interest 
il. How to Estimate the Value of a Patent. Value of Design Patents. "Value of 
-a Patents. Value of Small Inventions. Advice on Selling Patents. Advice on the 
itlon of Stock Companies. Advice on the Formation of Limited Liability Corapanles. 
9 on Disposing of OM Patents. Advice as to Patent Attorneys. Advice as to Selling 
I. Forms of Assigiunonts. License and Contracts. State Laws Concerning Patent 
I. 1900 Census of the United States by coimtles of over 10,000 population. Revised 
1. 120 pages. Price tl.Q9m 



baplers on Splicing. Pointing, Seizing, 



Bosi 
. Th 
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Serving, olc. This book is ftiUir lUustrutcd with one hundred and flftj' original en^ 
which show how each knot, tie or splice is tormed and its appearance when Onlabed 
book will be found of the greatest value U> Camiiers. Yachtsmen. Travelers, Bo 
In faco to anyone having occasion to use or handle rope or knots for any pnri>ose. 
Is thoroughly reliable and practical and is not only a guide but a teacher. It is tlie n. 
work on the subject. Among the contents are: 1. Cordaee, Kinds of Itope. Consci 
of Kope, Parts of Rope Cable and Bolt Kono. HIrength of Rope, Weight of Bope. ! 
pie knots and Bends. Terms used in Handling Kope. Seizing Rope. 3. Ties and E 
4. Noose, Loops and Mooring Knots, a. shortening, Grommets and Selvaeea. t, 
ingB. SeizlngB and Splices. 7. Fancy Knots and Rope Work. 12S pages. 4fiDJ 
engravings, Prlcu . , . ^^H 

LATHE WORK H 

MODERN AMERICAM LATHE PRACTICE. By Oscar E. Pbrrigo. 
This is B. new book trora cover to cover, and the only complete American work on the 
written by a man who knows not only how work ought to be done, but who also 
how to do it, and how to convey this knowledge to others. It is strictly up-to-dat 
deacrtptiouB and illustrations, which represent the very laleat practice In lathe and 
mill operations as well as the construction of and latest developments Id the manu 
ot these important classes of machine tools. 

Lathe history and the relations of the Lathe to manunicturing are given: also a den 
of the various devices for Feeds and Thread Cutting mechanisms from early etloru 
direction to the present time. Lathe design is thoroughly discussed. Including Back G 
Driving Cones, Thread Cutting Gears, and all the essential elements of the niodem 
The classification of Lathes Is taken up, giving the essential dlSerences of the severs 
of Lathes. Including, as Is usually understood. Engine Lathea, Bench LathtB, Speed 1 
Forge Lathee, Gap Lathes. Pulley Lathes, Forming Lathes, Multiple Spindle Lathes, 
Reduction Lathes, Precision Lathes, Turret La^Bs, Special Lathes, Electrically 
Lathes, etc. 434 pages, 314 Illustrations, Price ...... 

PRACTICAL METAL TURHIMG. By Joseph G. Horner. 

This important and practical subject is treated in a full and exhaustive 

of imponance is omitted. The principles and practice and all the dlSere... 

Ing are considered and well illustrated. All the dUTeienl kinds ot Chucks of usual f<i 
w^M a*t nome unusual kinds, are shown. A featuje of the book is the Important sect 
modem Turret practice; Boring is another subject which b treated fully; i 
._ T — 1 ii„iH — , .ii..rf™.„= „ I— TEu number of representative types. Thread I 
le last chapter cantains a soon deal ot tntoi 

heir work. The numerous tools used by mai 

the ajjuncts of the lathe. In taol, the entire ■ ■ ■ 



a thorough manner as to make this book the standard one on Ihe Bubjeicl, It 1 
peiiaahle to the manager, engineer, and machinist as well as lo the student, amalei 
experimental, man who desires to keep up-to-date, 400 pages, fully Illustrated, Prioe 

TORMING AND BORING TAPERS. By Fhed H. Colyin. 

There are two ways to turn tapers; the right way and one other. This treatise has to i 

use and how to use them, and forty and one other lltfle things that y )u should know. 



LIQUID AI R 

UQJJID AIR ABD THE LIQUEFACTION OF GASES. By T, O'Conor Sloa 
This book gives the history of the theory, discovery, and manufacture of Uould A 

.__ gji illustrated description of all the experimenta that have excited the woi 

"kll over (he country. It shows how liquid air. like water, la carried huud 
i handled in open buckets. It tells what may be expected from It In ll 

t perplexing chemical problems of Ibe o 
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LOCOMOTIVE ENGINEERING 

:R-BRAKE CATECmSM. By Robert H. Blackall. 

. . The operalioi ^ 

_,, _ ... , _, _. ttndina their peciillBrities aai 

fects, witli a proper remedy, ia (iveu. It coDtatos 3,000 questions with their answers 
ilcb will enable any isllroud man to pass any examination un Ibe subject of Air firoilces 
■dorsed and i ""' ■" — '" ■- — '-- ' -■ ' ' "--- -■ '- -■- 



HEHJCAH COMPOUHD locomotives. By Fubd. H. Colvin. 

B only boolt on compounda [or the enEineman or shopman tbat shows in a plain, practlca 
~ the various features ot compound loconiotives in use, Shows bow they are maae, wha' 
,o when they bieak down or balk. Contains sections as FoUows: — A Bit ot History. The 
of Compounding Steam C'ylinders, Baldwin Two-Cylinder Compound. Pittsburg Two 
iuder Comppnnd. Rhode Island Compound. Richmond Compound. Rogers Compound 
lenectady Two-Cylinrler Compound. Vaueiain Compound. Tandem Compounds. Bald 
I Tandem. The Colvin-Wiehlman Tandem. Schenectady Tandem, Balanced Loco 
Baldwin Balanced Compound. Plans tor Balancing, Locating Blows. Break 

. _._ducing Valves. Driltlng, Valve Molion. Disconnect init. Power ot Compouni 

•luotives. Practical Notes. 

illustrated [and containing ten specbi "Duolone" inserts on heavy Plate Paper, show 
It types ot Compounds. 14a pages. Price 81.0C 

JPLICATIOH OF HIGHLY SOPERHEATED STEAM TO LOCOMOTIVES. Bj 

RBEBT GaRBB. 

h. practical booli. Contains spcdal chapters on Generatioa at Highly Superheated Steam 
Aiperheated Steam ami the Two-Cylinder ijimple Engine; Compounding and Superbeating 
■^iena oU Locomotive Superheaters; Constructive Details of Locomotives using Bighi] 



OMBDSTION OF COAL AND, THE PREVEITTION OF SMOKE 

I; Wu, M. Bark. 

wk has been prepared witb sperial reference to the generation of heat by the combus 
.. t._._ . — .. ,_ .t_ .,_.... J -._..._ __j-..__jg particularly w'"' "" - - " 



. .le arrangemeni 

pended accurate answers 

... .... _ _ processes involved in thr 

of American fuels: it clearly states tha essential requisites for perfec 

Bmbustlon. and poinlf out the tiest methods of furnace construction for obtaining thr 
-uantity of heat from any given quality of coal. Nearly aSO pages, fully Illustrated 
S1.0C 

>IARY OF A ROUHD HOUSE FOREMAN. By T. S. Reillt . 

''his Is the greatest book of railroad experiences ever published. Containing a, fundof Infor 
Ci oiiBs. 17G pages. Price 91, OC 

-INK MOTIONS, VALVES AHD VALVE SETTIHG. By Feed H, Colvin, Associati 
Bditor of "American Machinist." 

k. handy book tor the engineer or macliinist that clears up the mysteries of valve setting 
Hiows the dilTerent valve gears in use, how [hey work, and why. Piston and slide valvei 
._ ... . . /.. .> ^nij ejpia' — ■ . ■ — .- .1--. ..— - J .- ... 

, Movements, Setting Slide Valves, Analysis hy I 
r. Slide Valves, Piston Valves, Setting Piston Valvei 
i Gear, Gooch Valve Gear. Aifree-Hubbeli Vai 



Conlaina chapters on T^ylne Out Work ; Flanging and Forging; Punching; Sht 
Planing; General Tables: FlnLahlng Farla; Bending; Machinery Parts; Rlvi 
Details; Smoke Box Details; Assembling and Calking; Boiler ijhop Machineiy, 
Tbere Isn't a man who baa anything ta do with boiler work, either new or Kpa 
daefinH need this book. The manufacturer, superintendent, foreaian. and ool 



LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. I 

Revised by Wm. W. Wood, Air-Brake Instructor. Just lesuetl. Revi 
edition. 

if the question to tiy and tell rou about every subject that Is covered II 

, _„ ^d then add all of the uneipecled ones, Itaubl 

t you had never thought about, and you will And that thej are all 
the very beat methods of repair. Walschaert Locomotive Valve Gear Trout 
Headlight Troubles, as well as questions and Answers on the Air Brake are all k 
pages. 7th Revised Edition. Fully illustrated 

LOCOMOTIVE CATECaiSH. By Robbet Grimshaw, 

The revised edition of "Locomotive Catechism." by Robert Grimshaw. Is a Nei 
Cover to Cover. It contains twice -' — ' ■•— >■!" "■■» >" — • 

on the construction and managemt-. ,. — 
on the Walschaert Locomotive Valve Gear, t 
Ligtit are given. 

3 Itself at once to everj Flngineer and Fireman, anil to all who are 
In plam language, with full complete answera, nol 

'— '-■ 'neer are given, hut those which the yoi 

, , which old hands ask as "BticketB." It 1 

Encyclopedia of the Locomotlvi?, is entirely free from mathematics, easily und 
thoroughly up-to-date. Cautains over 4,000 Kxaminallon Questions Willi th 
835 pages. 437 illustrations and three folding plates. 2Sth Revised Editloti. . 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOC 
FIREMEN AND ENGINEERS. By Chas, F, Lockhart, 

An entirely new hook on the Locomotive, It apjwBls to everj- railroad man. ai 
how things arc done and the right way Co do them. Written by a man who hi 
of practical experience In locomotive shops and on the road firing and running, 
matlon given In this book cannot bo found in any other simitar treatise. Eight I 
flfty-one questions with their answers are Included, which will prove speclall; 



rALOCUE OF GOOD, PRACTICAL BOOKS 



1 will be th(9 meBDfi of preventing many Injuries and deathfl. Ail r&llroSid emplo; 

d procure a copy, read it, and do your part In prBvEntlng ftCcidentB. Ifle pagfiB, ■Po* 

PiiUy illusWaWxI. Price BO ci 



EtAIN RULE EXAMINATIONS MADE EASY. By G. E. Coijjnqwooii. 
dIs ia the only practical nork on tralu-rules in princ. Every detail Is covered, and puzzUn 
iftnta arc explained In simple, comprehensive language, making it a practical treatise fa 
^ Train Dlspawher. Englneman, Trainman, and all others wbo hare lo do with the laovt 
milH of trains, Qontalns complete and reliable information of the Standard Code of Tral 
i:mles for single track. Shows Signals In Colors, as used un the dlBerent roads. Explain 
JJy the practical application of Wain orders, giving a clear and definite understanding of a. 
wSers ivhlch may be used. The moBning and necossity for certain rules are explamed 1. 
tKh a manner that tlie student may knov beyond a doubt Che rights conferred under an 
^tiers he may receive or the action required by certain rules, 

09 nearly all roads require trainmen Co pass regular examinations, a complete set of ei 
"— — ih theh' answers, are included, T' ■"' *-'- ■■-" -—- '— — - 



»«)uired examinations with credit to himself and the road for which he works, 2S& pagei 
-•illy illustrated with Train Signals In colors. Price tl.SI 



aable the 
lly illustratKi wlTh Train Signals In colors. Price 

f RULES AHD DESPATCHIIIG. By H. A. Dalbi. 

.y tBllroad man, no mattei what department he's in, needs a copy of this book. 

Htondard rules for bolh siuEle and double track, shows all the sifuals, with coloi 

- - ' " a list of towns where time changes, with a map showing it 

explained wherever there Is any doubt about their meaning i 
. . _:i 1. I.., .v._ 3jj]j practical book on train rules 



EHE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOl 
tOCOMOTIVES. By Wm. W. Wood. 

Wt you would thoroughly understand the Walschaert Valve Gear you should possess a cop: 
Dt this boob, as the author takes the plainest form of a steam engine — -a stationary engine L 
■tie rough, that will only turn its crank In one direction — and from it builds up-r-wlth th 
pfcader's help — a modem locomotive equipped with the Walschaert Valve Gear, completE 
Rhe points discussed are clearly illustrated; two large folding pla[«,s that show the position 
■f the valves of both inside or outside admission type, as w^T as the links and other parts c 
■he gear when the crank Is at nine dllTerent points in its revolution, are espedaliy valuabl 
h mating the movement clear. These employ sliding cardboard models which are contalnei 
fti a pocket In the cover. 

Bhe book Is divided Inta five general divisions, as foUowsi I. Analysis of the gear. II, Dc 
■[gning and erecting the gear. III. Advantages of the gear, IV. Questions and answer 
Katlng to the Walschaert Valve Gear, V, Setting valves with the Walschaert Valve Geat 
She three primary types of locomotive valve motion; modem radial valve gears other thaj 
■be Walschaert; the Hobart All-free valve and valve gear, with questions and answers oi 
h^akdowns: the Boker-Pilllod valve gear; the Improved Baker-PIlUod Valve Gear, wtti 
■mesUon.1 and answers on breakdowns. 

I'he questions with full aoswers given will be especially valuable to firemen and engineer 
p preparing for an examination for promotion. 2*5 pages. Third Kevised Edition 
FWcB XI. 6( 



tlve Brake Equipment 

J — . — _ — „ , — . j^. .._v - — ..vij, it covers the suhjeo 

ifcoroiiKhly. Everything about the New Weslinghouse Engine and Tender Brake Equip 
%ent. Including the Standard Ko. 6 and the Perfected No. 6 Style of brake. Is treated in de 
Lail. Written in plain English and profusely illustrated with Colored Plates, which enabl 
:>ne to trace the flow of pressures throughout the enth-e equipment. The best book eve 
□ublished on the Air Brake, EquaUy good lor the beginner and the advanced ongineei 
Will pass any one through any examination. It informs and enlightens you on every pohit 
Indispensable to every engineman and trainman. 

Contains examination questions and answers on the E-T equipment. Covering what th 
JB-T Brake Is. How it should be operated. What to do when defecliVB. Not a question cai 
be asked of the engineman up for promotion on either the No. 5 or the No, B E-T equlpmen 
."-,. ;„ „„. »,i.„j »_j ~""wered In the book. It you want to thoroughly understand the E-' 
this book. It covers every detaU. Makes All Brake tnnihles am 
«l "' 
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MACHINE SHOP PRACTICE 



A "shoppy" hook, caDt4L[ninenothoarlzii]g, Do problomatJcal or experimental deiicci, tl 
are no bails propurtloned and inipuxalble ilt&HnLiiiK, no calaloeiie uutB. but a TaliuUscD 
tlun uf drawings and disitriptiaiis of deyiiiea. the rich fniiu of the author's own eiperii 
In its SOO-odd pogea the one subject only. Tool JWaklng, and whatever relates eaaat 
dealt wl^lI. The work Btunda without a rival. It is a complete practical treatise OB 
art of Amoriean Tool Making and syatom of interchangeahlB raanuficturliig as carris 
to-day In the United States. Id it are described and Illustrated all or the dllTecenl t 
and daasps of small tools, fljitures, devices, and epeeiai Bppllancea which ai " ' 

In all machine manufBCturing and metal worldng establlshinentE where eco ,. ._,. 

and InterchangeablUty in Clie production of machined Dietal parts are Imperadve. 
science of jia makine is exhaustively discuased. and particular attentloo Is paid to drill 
boring. profQing and milling flitures and other devfcea in which the parta to be msct 
are Incatod and fastened nithia the contrivances. All of the tools. Ilitures. and de 
lUiulratcd sad described have been or are used for the actual produccion of work, (m 
parts of drill presses, lathes, patented machinery, typewritere, electrical apparatus. mM 
leal appliances, brass goods, composition parts, mould products, sheet metal artldes. 
forginga. Jewelry, watches, medals, coins, etc. 531 pages. Price % 

HEKLEY'S ENCYCLOPEDIA OF PHACTICAL EHGINEERIHG AMD AU 
TRADES. Edited by Joseph G. Horneb, A.M.L, M.E, 

This set of five lolumes contains about 3 500 pages Hith thousands of illustrations. Incli 
diagrammatic and seclloiul drawings nith full explanatory details This work cover 
entire practice of Clvd and Mechanical Engineering The best known expert in all bra 
of enginfrlng hive mnirihiited to thrae lolumoa The f vciopetlla iq admirably weU odi 



_ . , _. _ _.. J the 

r d^^Li-n r I ,11 Lril,l The w 



found ! 



help but underaianil Aa a wurk o! rclBTenLD It is wUhout a peer 46 OO per volume, 
complete set of 0^e volumes price , , %2 

MACHIHE SHOP ARITHMETIC. By Colvin-Chenbt. 
This la an arltlimetlc of the things vou have Co do with daily, 
to Snd areas of figures; huw to And surface or volume of I 
calculating; about compound gearing; cutthig screw threat 
speeds of drills, taps, emery wheels, grindstones, miliing ci 
system with conversion tables; '- - - - ■ 



MODERS MACHINE SHOP COHSTRDCTION, EQUIPMENT AND HAHAGEHl 

By OacAK E, Pebriqo. 

The only work publiaheii that describes (he Modem Machine Shop or Manutacluriiig Pbmt 



building and reorganUatloo ol om uuds, ui m 

men who are too busy to read theories and 
book of its kind ever published. 400 large 



MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND HOVEL: 
OF CONSTRDCTION. By Gardner D. Hiacox. 

This is a supplemenlary volume to the one upon mechanical movements. Unlike (he 
volume, which Is more elementary In character, this volume contains Ulustrations and del 
'or motions e.iul ot mechaoical devices and appliances foui 
Each define ijeVwi, a^m-BB Vv a. ^i.ne i».-«\iii ■h'K& ^ inctt 
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'Ssawing Us working parts and the method of operation. From the multitude ot devices ( 
«=rtbed, and iiloairated, niighl be mentioned, in iiassins. such items as ajnveyore and elevato 
r'Tonr ttiakes, Ihermometers,! various types of boders, solar engines, oil-fueJ burners, condense 
s-waporalors, CorlL'w and Other valve gears, govetnora, gas engines, water motors ot varit 
a.«3criptions, air ships, motors and dynamos, automobile and motor bieroles, railway bio 
■SgnalB, car couplers, link and gear motions, ball bearings, breech block mechanism for hea 
^runa, and a, largo accumulation ot others of equal Importance. 1,000 specially made engri 
tsiBS. 39fl octavn page.'!. Price 82.1 

■MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By Gardner D. Hibco 
r3%i$ is a colleclion of l.SSO engravings of liilferent mechanical motions and appliances, acco 
:Kianled by appropriate text, making It a book of great value to the inventor, the draflsmi 
:^nd to all readers with mechanical tastes. The book is dtvldpd Into eighteen seelions 

Transmission of Power; Measurement of Power, 3tcam Power; Air Power Appliances ; Elect 
Tower and Construction. Naviaallon and Roads; Hearing: Motion and Devices: Conlrolli 
Motion; Horoloelcal: Mining; Mill and Factory Appliances: CooElructlon and Devlci 
DraftluE Devices; Miscellaneous Devices, etc. 12theditiou, 400 octavo pages. Price S3. 1 

MACHINE SHOP TOOLS AND SHOP PRACTICE. By W. H. Vandervooi 
\ work of S55 pages and" 673 111 list rat ions, describing In every detail the construction, operatic 
n[iil manipulation of both hand aod macbhie tools. Includes chapters on Qllng, fitlkig, a 
-(mjiiiig surfaces; on drills, reamers, taps, and dies; the lathe and its tools; planers, shape 
anri their tools; mllhng machines and cutters; gear cutters and gear cutting; drlUlne machli 
iirvl drill work; grinding machines and their work; hardening and temperlne; gearing, belt i 
and transmission maehlDery: useful data and tables. Stheditlon. Price . . . , 33.( 

THE MODERN MACHINIST. By John T. UaHEH. 

I'lii' is a book showing, by plain description and by profuse engravings, made eipiessly I 

th^ work, all that is best, most advanced, and of the highest efficiency In modem machl 

''hnii practice, tools, and implements, showing the way by which and ttirough which, as h 

^kiNim says, "American machinists nave become and are the finest mechanics In the world 

In.licating as it does, m every line, the famUlarity of the author with every detail of da 

I viifrienee in the shop, it cannot tail to be ot service to any man practically tonnected Wi 

' li<. -shaping or Bnislilng of metals. 

There is nothing experimental or visionary about the hook, all devices beinic in actual m 

■ and giving good results. It might be called a compendium of shop methods, showing a va 
' et.v ot special tools and appliances which will give new ideas to niany mechanica, from t 

■ superintendent down to the man at the bench. It will be found a valuable addition to a. 

wtietberlt Is boring, milUng, turning, or planing, as they are alllreated In a practical mann< 
Fifth Lidition. 320 pagm. 250 illustrations. Price ... Sa.( 

MODERN MILLING MACHINES: THEIR DESIGN, CONSTRUCTION AND OPER, 
TION. By Joseph G. Horner. 

This book rtescribps and iUustrates the Milling Marhine and lis work in such a plain, cle: 
and forceful manner, and iUustrates tbe subject so clearly and completely, that the up-to-ds 
raacbinist, student, or mechanical enghieer canuot afford to do without the valuable hifi 
■nation which it contains. It describes not only the early machines of this class, but nol 
their gradual development into the splendid machines of the present day, giving the desl 
and construction ot the various types, forms, and special features produced by pmmine 
manufacturers, American and foreign. 

Milling cutters In all tbeti development and modernized forms are fllustrated and describE 
and the operations they are capafile of producing upon different classes of work are careful 
described In detail, and the speeds and feeds necessary are discussed, and valuable aod uael 
data given for dekerminins these usually perplexing problems. The book is the most eompi 
hensive work published on the subject. ^04 pages. 300 Ulustratlons. Price . . S4.( 

*'SHOP KINKS." By Robert Griushaw. 

A book of 400 pages and 222 lilust rations, bemg entirely diBerent fronl any other book ■ 
machine shop practice. Departing from conventional style, the author avoids universal 
common shop usage and limits his work to showing: special ways of doine things better, mc 
cheaply and more rapidly than usual. As a result tne ailvanced tr-" — '- -' — ■-■' 



— _.'e placed at the disposal o( the reader. This boot shows t 

proprietor where large savinits are poasible, and how products may be Improved. To t 

I employee it holds out suggestions that, properly applied, will hasten his advancement. 1 

' shop can afford to he without It. It bristles wflh valuable wrinkles and helpful sugsestioi 

It wU] benefit all from apprentice to proprietor. Every machinist, at any age, should stui 

Ha pages. FJrti Edlllon. Pries %a^ 
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THREADS AND THREAD CUTTIMG. By CoLvm and Stahel. 

This clearN ii[) mutiy of thn mystpries of thrunrf-ciJUiiiR, ftufh as double unci triple llile 
intenml ilirrail*, caidiine Ihrtaila, use ol liobs. elc, ConUiM a lot of useful hints and «i 
liiblua. 3rd Edition. Price 3G •> 

TOOLS FOR MACHiniSTS AUD WOOD WORKERS, IHCLUDIHG UISTRUltBl 
OP MEASUREMENT. By Joseph G. Huaner. 

idRntJcal, wlicthet useii by the luactiinlbt, tbs carpenter, ur by any olber sbilled mediui 
their daily work, and the object of this book is to give a, oorrect and pmotlcal detcriplii 
these tools as they are comnionty deslcned, constructed, and used. 340 psEes. fuUr Ulunn 



MANUAL TRADTIWG 

ECONOMICS OF MANUAL TRAINING. 

The only book uiiblished Itiat gives juat the Itil .., _.. ~~ 

TraininK, rBEBrdinE Bulldlnea, Eqiiipment. and Ijupplies. Shows e:iactly what la neede 
all Eradee of the work Irom tns Kindergarten to the High and Normal iSchixiL Glvce 
ized lists of everything used In Manual Trafnlng Work and tells juet what it ought lo 
Also nhowa where to buy supplies, etc. Contains 174 pages. Bad is fully lUustJ 



MARINE ENQPTEERPfG 

MARINE ENGINES AND BOILERS, THEIR DESIGN AND CONSTRDCTION. 

Dr. G. Badbb, Leslie S. Robertson, and S. Brtun Donkin. 
In the words o( Dr. Bauer, the present work owes its origin to an oft felt want of a Cond 
Treatise, embodying tbe Theorelical and Praclicai Rules used in Deaigning Harine Ei 
and Boilers. The need for such a work has been felt by most engineers engaged in tbi 
otruction and working of .Marine Englneti, not only by tne'younger men. but also by tb 
greater experience. The fact that the original German work was written by tbe chief em 
of the famous Vulcan Works, Sletlln, is in itself a guarantee that this book is in all to 
thoroughly up-to-date, and that it embodies all the Information which is necessary fi 
design and construction of the highest types of marine engines and boilers. It may h« 
that the motive power which Dr. Bauer has placed in the fast German liners that nave 
1 „... .. i..„ jpatg fmni the Stetlm Works, represent the very best practice In n 



ystematlc. tbeoreticaliy sound; whUe the cha 

-., - cs is without reprooch. The illustrations are 

il workltu: dratvings, withsomenell-enecutfldphotogntphlc 



lana, drawings, t 

d'hoilers, fiT 

UODERH SUBMARINE CHART. 

A cross-secClon view, showing clearly and distioctlr all tbe interior of a Submarine ■ 
latest type. You set more information from thjs ebart, about the construction and opei 
of a Submarine. tJian in any otber way. No Details omitted — everything is accurate B 
scale. It U absolutely correct in every detail, having been approved by NavaJ Engl 
All the machinery and devices Htted in a modem Submarioo Boat are shown and to mal 
engraving mare readily understood all the features are shown in operative Torm with n 
and Men in the ar* ~' — '- — ' — "— ■*-■•' ' ' ■- -'— ■ ' 



y times its cost. Mailed li 



ORE DEPOSITS, WITH A CHAPTER ON HINTS TO PROSPECTORS. 

Johnson 

condensed account of the ore-depqslta at present knoi 
„. . .....J. .„ ...„ — , — .„. ^niy ,._ ., ... 



li lot iWi\».VMettK« 



'U'nd«»Aa.\xd ^U\ 
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. SO far US siitijile' ores are cancerned, should enable one to form some Iden, of 

■ISB of any he may find. 

DDK the chapters given are: Tltanlferous 

— Co bait — Tin — Molybdenum — Tu nEaton — 

Bpectots. 



iery managers' certificates. The iltii of the author in this eKcellenl book is to place clearly 
ire the [«3dF-r useful and aiithoritalive data which will render tiim valuable assistance in 
studies. The only work of its kind published. The infarmatlon incorporated in it will 
ve of the greatest practical utility to etudeots. mining eugineers, colliery manaEers, and 
others who are specially interested in the present-day treatment of mining problems, 
ong its conlenl.s are chapters on: The Atmosphere: Laws Relating to the Behavior of 
ca; The Diffusion of Gases; Composition of the Atmosphere: Sundry Constituents of the 
nosphere: Water; Carbon: Fire-Damp; Combustioti; Coal Dust and Its Action; Ei- 
;lves; Compositloo of Various Coals and Fuels; Methods of Analysis of Coal; Ijtrsta Ad- 
■ — the Coal .Measures; Magnetism and Eiectriclty; Appandli; Usetiil Tables, etc; 
- - Questions. 160 pages. Illustrated ta.Oi;) 

ACnCAL COAL MIHIIIG, By T. H. CootiN. 

Important work, containing 42S pages and 313 illustrations, complete with practical de- 
5. which will intuitively impart to the reader, not only a general knowledge of the princl- 
I of coal mhiine. hut also considerable insight into allied subjects. This treatise Is posi- 
;]y up to date in every Instance, and should be in the hands of every colliery engineer, 
lOElst, mine operator, superintendent, foreman, and all others who are interested In or 
nected with (he hidusiry. 2ud Edition. Sa.BO 

PATTERN MAKPfO 

ACTICAL PATTERH MAKING. By F. W. B.utRows. 

s Is a very cotaplete and entirely practical truatiaeon the subject of pattern making, lilns- 
:liiK pattern work In wood and metal. From Its paces you are taught just what you should 
w about pattern making. It contains a detailed dBscriptlon of the materials used by 
turn makers, also the tools, both those for hand use, and the more Interesting machine 
.s; having complete cliapters on the hand saw, The Buzi Saw, and tho Lalho. Individual 
terns of many different kinds are fully illustrated and described, and the mounting of 
^ patterns on plates for molding tnaimlnes Is included. 

es. Formulas and Tables are Included, containina simple and original methods for finding 
weight of castings, both from the pattern Itself and from lie drawings. This section 
Cains some new and practical formulas, which will bo foimd very useful In estimating 
ghts, with the accuracy retjulred for quotations to prospective customers. All of these 

, — ._ __ J — c . .r__. — ..__ jjjg QptOnify^ every-day man. and they 

rs oi actual ute, 

arking Uie pat 

% where located In ea&. v 



an original and practical n 



O detafied UlusiratlDn 

PERFTTMEEY 



HLEY'S TWENTIETH CEHTtmY BOOK OF RECEIPTS, FORMDLAS AMD PRO- 
3SES. Edited by G. D. Hiacox. 

most valuable Techno-chemical Receipt Book published. Contains over 10.000 practical 
ipts, many of which will prove of special value to the perfumer, a mine of Infunnatiou. up. 
ale in every respect. Price, Ck)th, 83.00) half morocco 84.00 

SFUMES AHD THEIR PREPARATIOfl. By G. W. AaKiNsos, Perfumer, 
smprehenslve treatise, in which there has been nothhig omitted that could t>e of value 
he Perfumer, Complete directions for making handkerchief perfumes, smeUine-salls, 
ets, lumlEallng pastilles; pieparatlons for the care of the skin, the moulh, the hair, cos- 
ies, hair dyes and other toilet articles are given, also a detaUed description of aromatic 
J — gj. (heir nature, tests of purity, and wholesale manufacture. A book of general, 

. — 7 — , ■[i[|.reg[_ meeting the wants not only of the druggist and perfume rc"- 

le general public. Third editiott. 31.2 ga^s- Ulualrated. ~" 
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_„ ^ ^, ,_ .voFkman jt isof icml 

value II He la lo nse atiove hla poslUon to poaltions of greater reeponslbllitj'. Amt 
rhaptcrs cout^oDd are: 1. Value to plumber or knowledee of drawliig; toola n 
and Lbelruse: caomioii views needed !□ mecbanlcBldrawtiiB. 2. Perspective versu9 n 
leal drawing in shoning plumbing eonstrucUon. 3. Oorrect and tnmrrect mett 
plurahlnB drawlDK; plan and elevation eiplnined. 3. Floor and cellar plana and ele 
scale drawings: use oC trlangloa. 5. Use of trlangloi; drawing of flUuigs. craps, i 
Drawing plumbing elevations and flttings. 7. Inatrucllona In drawing plumbing elei 
8. TbD drawing of plumbing flitursGi scale drawings. 9. Drawing of Hxti^res and I 
10. Inking of drawings. II. Shading or drawings, 12. Shading of drawinga. I 
tional drawings: drawing of tJircads. 14. Plumbing elevations frora architect' 
15. Elevations of separate parts of the plumblnjf system. Ifl, ElevadonK fmin mre 

plans. 17. Drawing of detail plumbing CI ~ 

elevations of residence, 19. Pminblng el" 

for cottage. 20, Plumbing olevaljona: 

tlons for sii-flat building. 22, Drawing of various parts o( 
scales. 23. Use of arcmtect's scales. 24. Special fsatures 
plumbing. 25- Drawing of wrought iro 
□r piping to iUusCrate beating systems. 

MODERH PLUMBING ILLDSTRATED. By B. M. Stasbuck. 

This book reprcBents the highest standard of plumbing work. It has been ndopled a 
as a reference book by the United States Govcmmenc. In its sanitary work In Cubi 
Rico, and the Philippines, and by the principal Boards of Health of the United SU 
Canada. 

It gives connections, sties and working data tor all fiiturea and groups of fixture) 
helpful to the master plumber in demonstrating to tils customers and in flguring n 
the mechanic and student quick and easy access to the best modem plumbing p 

-" for estimating plumbing construction aro contained In its pages. Tb 

■ should be in the li 



every architect, sanitary engineer and plumber who wishes ^ ^ 

on tola Important feature of construction. Contains foUowlng chapters, each 
with a fult-page plate: Kitchen sink, laundry tubs, vegetable wash sink; 
pantry slnka, contents of marble slabs; bath tub, foot ani" ""- '■"*'■ '' *■■ 



ting of water dosela: low-down water closets, water closets operated t 
vBivcB, naier closet range: slop sink, urinals, the bidet; hotel and restaurant sink 
trap ; reUgerators, safe wastes. laundry waste : lines of refrigerators, bar sinkH, so^ 
tain sfaika; horse stall, frost-proof water closets; connections for S traps, vencin, 
nectdons for drum traps: soil pipe connectiouB; supporting of soil pipe: main to 
Xtteb air Inlet; floor drains and cellar drains, subsoil drainage: water closets ai 
connections: local venting: connections for bath rooms : connections for bath rooE 
Unued: connections for bath rooms, continued; connections for bath rooms, coi 
examples of poor practice: roughing-work ready for test: testing of plumbing 
method of continuous renting: conthiuouH venting for two-floor work: continuous 
lor two lines of flitures on three or more floors: continuous venting of water closets: 
lag for cottage house ; couBtruction for collar piping : plumbing [or roaidenca, use ol 
fllUngs: plumbing for two-flat bouse; pliunblng for apartment building: plumi 
double apartment building; plumbing for otflce binldlng; plumbing for public toilet 
plumbing for public toilet rooms, continued; plumbing [or bath estabUshmant; pi 

> ,__ > -_„ >.._>.i — _.„ — atfc flushlngjor sduwls, factories, eW.: 

I. the deBtrui 



fV>r engine house, factory plumbing; automatic flushingfor srdiools, fac 
flushing valves: urinals lor public toilet rooms: the Durhun system, 
pipes by electrolysis: construction of work wltjiout use of lead; Auti 



by electroly^: construction of work without use of lead; Automatic 

aatic sump tank: co — ' — -" — '■' — ' " ' '-■ — "- ' — 

vage siphon; cr 

_ Llna and service by 

lugs: automatic control of ho 



sump tank: country plumbing; constructlim of cesspools; septic tank ar 

— -ilphon; county plumbing; water supply for country house; tha 

id service by electricity; double boilers: b" — . 



itic sewage siphon; count^ plumbing; water supply for country 
'«r malna and service by electricity; double boilers: boC water au 

i\ automatic control of hot water tank: auggeatlona for estimating ,_. .^^ 

L. 400 octavo pages, fully illustrated by 65 full-page engravings. Prleo 

STANDARD PRACTICAL PLXfMBING. By R. M. Stahhtjck. 

A complete practical treatise of 4S0 pages covering the subject of Modern PI 
in all Its branches, a large amount of space being devoted to a very complete and p 

treatment of the subject of Hot Walet 3uii'(i\s anA C — ■---- ■■- -- " - 

Ite thirty eAaptera Include about every phase ol Qie 
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diSTtensBble work to the laasi^r plumber, the Joumcynian plumber, and the apprentice 
ber, conCBJnlng chftpl«rs oni Che plumber's liools; wiping solder, composition and use; 
wiping; lead work; traps; alphonBgo of Crapa ; venClng; contimioUB vBntlng; house 
: and sewer comiecClans: house drain; soil piping, roughing: main trap and fresh afr 
; floor, yard, cellar drains, rain leaders, etc. ; ftKCure wastes: water closets; ventilation; 
oved plumbing connections: residence plumbing: plumbing for butels, scboola, faC' 
i. Stables, etc.; modern country plumbing; filtration of sewage and water supply; 
ind eold supply; range boilers; circulation: circulating pipes; range boiler problems; 
•acer for large buildings; water lift and Its use; mulijplc connections for hot water 
rs; heating of radiation by supply system: theory fur the plumber; drawing for the 
ber. Fully Illustrated by 347 engravings. Price S3>00 

RECEIPT BOOK 

ILEyS TWENTIETH CENTURY BOOK OF RECEIPTS, FORMULAS AND PRO- 

5ES. Edited by Gardner D. Hiacox. 

most valuable Tecbno-chemlcal Beceipt Book published, including over 10,000 selected 

tlflc, chemical, technological, and praciical receipts and processes. 

Is the most complete Book of Receipts ever published, giving thousands of receipts for 

lanufacturor of valuable articles for evwyday use. Hints, Helps, Practical Ideas, and 

It Processes are revealed within JU pages. It covers every branch of the useful arls and 

thousands of ways of making money and Is just the book everyone should have at hia 

3m In Its treatment of every subject that properly falls within its scope, the book may 
[fully be said to present the very lalflst formulas to be found In the arts and Industries 
o retain those pruceaaes which long experience has proven worthy of a permanent record, 
resent here even a limited number of the subjects which find a place in this valuable 
would be difficult. Suffice to say that In its pages wlU be found matter of intense In- 
. — 1 ^ 1.1 ^__i — 1..„ .„ .1 1 — .It, ._.^ jj,j (g )j|m „[,^ w'-'-" ■- 

'ledge which will render hia pursuits moro instructive 

mce book to the small and large manufacturer and su^ ^ „ 

iformatlon necessary to conduct a process, the work will be found of Inestimable worth 
le Metallurgist, the Photographer, the Perfumer, the Painter, the Manufacturer of 
•I. Pastes, Cements, aod Mudlagea, the Compounder of Ahoys, the Cook, the Physician. 
Jrugglat. the Eleclrlcian, the Brewer, the Engineer, the Foundryman, the MachlnlBt, 
'otter, the Tanner, the Confectioner, the Chiropodist, Che Manicure, 'he Sfanufacturer 
lemical Novelties and Toilet Preparations, the D.ver. the Electrqp later, the Enamoler, 
Ingraver, Che Provlsioner, the Glass forker, the Goldbeater, the Watchmalier. the Jew- 
the Hat Maker, the Ink Manufticturer, the OptlrJan ■ ~ - - ■ 

r Maker, the Wood and Metal Worker, the Chandler 
!on, and the Technologist In general, 
ne of Information, and up-to-dat« in every respect. A book which will prove of value 
VGKYONE. as it covers every branch at the Useful Arts. 800 pages. Price S3.00 
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ir Twentieth Century Book of R 



., E, Thux. 

Sparta, Wis. 

)e able to And in the book some single formula that 
book.'—Mcrchant's BecordandShoiB Windoa. 



book glve.1 full details on all point.':, treating In a concise and simple maaner the elements 
irly everything it is necessary to understand for i .... 

Rubber Manufacture. The making of al' ■-=—'■ - 

dla Rubber. U. S. GovernrtiBnC Lompoai , „ 

eet aubber, Toy Balloons, India Kobber BolutVina, i^toeaVa, U 
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chapter on tJie USEE of rubber In Surgery and DtHitisCry. Third reviaedandenlargMi 



SAW FlLraGS AHD MAHAGEMEHT OF SAWS. By Robbbt Grimshaw. 
A pcsctlcal hand book od fUise, gumniinR, swaRioK, hammeiing, and Ihe brazlns ol bai 
the speed, work, and power to run circular saws. etc. A handy book for those who hsvi 
of saws, or far those mechanics who do then: own Qlhie, ftu it deals wtth the proper ih 
pilches of saw tf" ■ '■ ■= ■ '-- * ' "-' -" — ■-- ■ -- 

and enlaiseil. Illustrated. :race 



STEAM ENGD^EERING 



AMERICAN STATIONARY ENGINEERING. By W. E. Crane. ^M 

This bnok begins at the boiler room and takes In the whole power plant, A plt^' 
everj^day work about ensincs, boUera, and their accDmories. It la not [atended m b 
tlBc or mathematical. All formulas are In simple form so that any one undentandk 
arltJmietic can rosdlly undorstnnd any of thum. The author has made tlilB the mot 
tlcal book in print; lias given the results of his years of oiperionce. and has iocludei 
all that has lo do with an engine room of b power plant. You are not left to guess at i 
point. You are shown clearly what to expect under the various conditions; bow l< 
the best results; ways of prcvraitlng "shut downs" and rBpalrs; In short, all that 
make up the requiremonta of a good engineer, capable of taking charge of a plant, tt 
enough for practical men and yet of value tu those high lu the protessIoD. 
k partial list ot contents la: Tlie boiler room, cleaning boilers, QtIiie. feeding; i 
Inspection and repah:; chimneys, sizes and cost; piping; mason work: roundatlons ; 
cement: pIledrlvlnH; engines, slow and high speed: valves; valve setting: Ooriise e 
setting valves, single ana double eccentric; ur pumps and condensers; dlXerenc ( 
condensers: water needed: lining up; poimds: pins not square in croaahead or 
entdneera' tools; pistons and piston rings; bearingmetBl: hardened copper: drip pip 
cylinder Jackew; belts, how made, care of; olfi; greasw; testing lubrlcanta: ru 
tables, including steam tables; areas of segmonta: squares and square root: cubesai 
root: areas and circumferences of circles. Notes on: Brick work; explosions:! 
pump valves ; heaters, economizers ; safety valves ; lap. lead, and clearance. Has a a 
examination for a license, etc., etc. Second editicn. ^5 pages. Illustrated. Price . 

BHINEST ENGINEERS. By Dwiout Goddard. 

Everyone who apjireciates the effect ot such great inventions as the Steam Enghie. Slei 
Loconiolive, Sewing Machine, Steel Working, and other fundamental discoveries. Is In 
in knowing a little about the men who made them and their achlovementa. 
Mr. tioddard has selected thirty-two of the world's engineers who have contributi 
lareely to the advancemenl ot our civliization by mechanical means, giving only such 
are of general interest and hi a way which appeals Co all. whether mechanics or nc 
pages. 35 illustrations. Price 

ENGINE RUNNER'S CATECHISM. By Robert Grim9kaw. 

A practical treatise for the stationary engineer, leliing how to erect, adjust and run 1 
cipal steam engines iti use lu the United States. Describing the principal features of 
special and well-known makes of engines: Temper Cut-off, Shlppmg and Receiving 
tlons. Erecting and Slatting, Valve Setting. Care and Dse, Emergencies, Erecting i 
justing Special Engines. 

The questions asked throuEhout the catechism are plain and to the polnt,'~and the 
are given In such simple language as to be readily understood by anyone. All the Inst 
siveu are complete and up-to-date: and they are written In a popular style, with 
leclialcallties or mathematical lormulw. Ito ■«oi\i\b Trt ate— *■■ ->.--'— -i— — -'■- • 
and well printed, nicely bound, and protuaely ffiviatiawtt. "^ 
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It value, especially lo ihose w 



IGIHE TESTS AHD BOILER EFFICIEMCIES. By J. BncBBrri. 

nil iiUislralea the method or testing Iha power of aleam 
irg. The propertlea of ateam and tbe evaporative powei 
imne; diufl; with lonnulas explalai^il or praetically ci 



ORSEPOWER CHART. 



y engine vltboiit caiculatjon. 



itions. Especially uBoftfl'to Bogineora and dosignera. ' . . ', 60 eeot 

rODERR STEAM EKGIHEERmG IN THEORT AND PRACTICE. By Gardngi 
D. Hlscox. 

This Is a complete and practical work issued for Stationary Ensineers and llremen deallnf 
nth the care and aianngetneTit of bolters, engtoffl. pumps, superheated steam, refrigeraliiiii 
Dsclilnery, dyoomos, matom, elevators, air compressors, and all other branches with whici 
liB mnHoi-n enginGer must tie familiar. Nearly 200 quBstions with their answers on Eteui 
i1 engineering, likely to be asked by the ExamlnlDK Board, are Included. 

pters are: Historical; eteam and Its properties ; appliances for the imnnni 
types of boilers: chimney and 11a work: heat economy of tbe ti 



long tlie chapters are; Historical; steam Bjid Its properties ; apptiac 

D of steam: types of boilers: chimney and Ita work: heat economy __ ._, , 

I and their work : incrustation and lis work: steam above atmospheric pr« 



^w of steam from nozEles: superheated steam and itfi work: adlabatic oxp . .._ . _. 

Liallcator and its work; steam engine proportions: slide valve engines and valve motion 
nrliss engine and lis valve gear: compound engine and ita theory: triple and mulilpli 
■cpansion engine, steam turbine: refrigeration: elevators and their mnnagement: cos 
P power: steam engine troubles: electric power and electric plants. 487 pages. 406 en 
R-ftvinBB- Price S8.0C 

• TEAM EHGIHE CATECHISM. By Robert Grjmshaw. 

~ ----- atechlsm on t&equ , 

fwws for all the Steam problems that appe 

„ «ra Engine. IllustratlonB of various valv„ 

ti their principles of operation are given. Thirty-four Tables that ari 
Kiuixpensaoie lo every engineer and Rreman that wishes to be progressive and is ambitious U 
Oet^ome master of his cnlliug are within ita pages. It la a most valuable instructor In thi 
Bn'vico of Steam Engineering. Leading eogliieers have recommended It as a valuable educa. 
ipr for the beginner as well as a reference book for the engineer. It is tlioroughly Indexed 
|br every detail. Every essential question on the Steam Engine with Its answer Is containec 
E this valuable work. Sixteenth edition. Price Sa,00 

pTEAM EBGIHEER'S ARITHMETIC. By Colvin-Cheney. 

A practical pocket book for the ateam engineer. Shows bow to work the problems of iht 
teiKlne room and shows " why." Telia how to figure horse-oawer ot engines and boilera; aret 
It boilers: hastableaof areas and circumferences: steam tables: has adictlonary of eneineerlnt 
<erms. Pula you on to all aU of the little kinks in flgurlng whatever there is lo figure around 
t power plant. Tells you about the heat unit; absolute zero; adiabatic expansion: duty ol 

£ sines: factor of safely; and l.OOI other things; and everylhlns is plain and simple — not 
B hardest way lo figure, but the easiest. 2nd Edition 60 ocnti 

STEAM HEATING AND VENTILATION 

PRACTICAL STEAM, HOT-WATER HEATING AND VEHTILATIOM. By A. G. 



the standard and latest work published on the subject ai 
11 engaged In the business of steam, hot water hpaiina a 

exhaustive work. Tells how lo get heating ci 
Titus, the best business methodH to br - 
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shop usp. Rulps Qtirt data for estimating radiation and coat and such tables sort inloiii 
0.1 make [Can LadispenasitiLe work for everyone Interested In aleam, bot water beating, sud 
lation. It deacribHs all the principal EjElenia of steam, hot water, vacni'Tn. vancir \n^ m 
vapor heating, togpther with the new atKselerated systems of hot wa 

ctULpters OD up-to-date methods of ventilation and the fab or blowt. „^ 

ventilation. Oontainiog chapteni on: t. Introduction. U. Heat. til. EvidiiQ 
artlQcfal heating apparatus. IV. Boiler surfoce and settlnga. V. The chimoeT flue 
Pipe and nttlnus. VII. Valves, various kinds. VIII. Forms or radiating surfacn 
Locating of radiating smfaceB. X. Estimating radiation. XI. StBam-heallng ippi 
XII. Exhnust^tcom heating. XIII. Hot-water beating. XIV. Pressure systema < 
water work. XV. Hot-water appUancBH. XVI. Greanliousa heating. XVII. Yl 
vapor and vacuum exhaust heating. XVIII. Miscellaneous heating. XIX. RadM 
nlpa connections. XX. Vontllatjon. XXI. Mechanical ventilation and bot-hlan h 
XXII. Steam appliances. Xxril. District heating. XXIV. Pipe and boiler fa 

r. Temperature regulation and heat control. XXVI. Business methods. S 
illaoeouti. XXVlll. Kules, tables and useful information. 367 pages. 300 d 
viags. Price 



STEAM PIPES 



STEAM PIPES: THEIR DESIGS AMD COHSTBUCTION. By Wm, H. I 

The work Is well illustrated in reeard to pipe joints, expansion oSaets, QiMlble join 
self-contained slidinE joints (or takine up the expansion of Ions pipes. In lact. the ( 
on the How of steam and expansion of pipes are nioat valuahl^^ to all steam EtteiBin 
The pressure strength of pipes and method of hanging them arc well treated and '"■' 

1,-1 J t (jj[]-y jllu ...I __J J .^.J .,^. = ,_,_. 



Illustrated and described, as arit al^o flange ji^ts u 
_ J J -iparatorB. One ot the most valuable chapter! 



I 
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STEEL ^B 

AMERICAN STEEL WORKER. By E. R. Mahkham. 

;ll.s liow to aelact, and how to work, lEmper, harden, and anneal steel for eve 
It doesn't tell liow to temper one class of tools and then leave the Ireali 
rt ot tool to your imagination and judgment, but it gives careful instruct 
. o! every tool, whether it be a tap, a reamer or just a screw-driver. It tell 
niF of BTniLll watch springs, the hardening of cutlery, and the annealing of d 

jg that a steel worker would want to know that Isn't Included, 1 

.rd l»ak on selecting, hardening, and tomperin^ ail grades of steel. Amt 
ir headings might be mentioned the followlne subjects: Introduction: the wo 
-netbods of heating; heating toot steel : forging: annealing: hardening tmtlu 



T hardening; hardening steel: drawing the temper after hardening; examples 

"' ~ "ick hardening : case hardonlikg; spring tempering : maldng tools of "" 

; steel fur various t«ols; causes uf trouble: high speed steals, e 



HARDEHIHG, TEMPERING, AHNEALIBG, AHD FORGIHG OF STEEL. B 

WoODWtJBTH. 

A new work treating In a clear, oonclse manner all modem processes for the heating, an 
forging, weldhig. hardenhig, and tempering of steel, making it a book ot great ptactlQ 
to the metal- working mectunic in general, with s[iecial directions for the successful ha 
and tempering of all steel tools used In the arts, Ineludins milling cutters, taps, Ihce 
reamers, both solid and shell, hollow mills, punches and dies, and all kinds of sbee 
working tools, shear blades, saws, fine cutlery, and metal cutting tools of all descrip 
well as tor all Implements ot steel both large and small. In this work the simplest ai 
satisfactory hardening and tempering processes are given. 

The uses to which the leading brands of steel ma; be adapted are ooncisely presented, a 
treatment for working under different conditions explamed. also the special methods 
hardening and tempering of special brands. 

A chapter devoted to the different processes for Case-hardening ts also included, and 
reiercnn! maile to the adoption of machiiier;^ steel (or tooLssatvarbiUBkinilB. 4lb ICditlo 
P»ees. 201 lUustTStlona. Price 
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UNE STEAM TURBIHES. By Dh. G. Batjhr and O. Labche. Assisted by 

^udwig and H. Vogel. Translated from the Gcnnan and edited by M. G. S, 

a aiipplomenl.ary volume to the book entitled " Marine Engines and BoUera." 
this bcjDk, Dr, G. Bauer and O. Lascbe, may bo regarded as the leading 



8 Chraiigh a number or a 

:hau3t pressure occurs In a turbine on one shaft, aa In the caab of the CurUa machine 
111 enable a designer to cajry out all the ordlnar; calculations necessar; for the coi 
:t[on of steam turbines, hence it Alls a want which Is hsnlly met by larger and moi 
retleal works, 
lerous tables, curves and diagrams will bo found, whl< 

Bason why turbine bladea are designed as they are, thi. _ 

ines of various types, the thennoaynamics of steam turbine calculation, buo uuiui^ijl-d 
icuum on steam consumption of steam turblnee. etc In a word, the very inrorinatton 
h a designer and builder of steam turbines most rcqulros. The book Is divided into 
I OS follows: 1. Introduction. 2. General remarks on the design of a turbine Installa- 
3. The calculation of steam turbines. 4. Turbine design. 5. Sbaftlng and pro- 

rs. 6. Oondensing plant. 7. Armngement of turbines. " " ' '— — "■- 

igement of steam turbines In steamers. 9. "" — ■-'-- ■'-'- 
octavo. 214 pages. Fully Illustrated and ci 

WATCH MAKIKG 

CCHMAKER'S HANDBOOK. By CLADDioa Saunibr. 

tamoufl work has now reached its seventh edition and there is no work Issued that can 
■are to It tor clearness and completeness. It contains 4gH pages and Is hitended as a 
shop companion for lho.w engaged in Watch-making and allieil Mechanical Arts, Nearly 



The Most ValuahiB Techno-Chemlcal Receipt Book Publlihrt 

Henley's Twentieth Century Book 

RECIPES 
FORMULAS 
AND PROCESSE 

Edited by GARDNER D. HISCOX, M.E. 




Price $3.00 Ciolh Binding $400 Half MorocM E 
800 Large Ootavo (6 x 9}i) Paflea 

Contains over 10,0 00_ Selected Scie^ntific, Chemical, TBchnologii 
Practical Rec ipes and Processes, including hundred s of s o-cail 
Trade Secrets for every business 

To present tiere even a limited Dmnber of the subjects wKich find a place In thi 
work would be difficnll. Suffice to say that in its pages will be found mattet of inter 
■nd immeasurable practical value to the scientilic amateur and lo him who wishes t 
knowledge of the many processes used in the arts, trades and manufactures, a knowle 
will Tender his pursuits more instructive and remuneiadve. Serving as a reference b 
■mall and large manufacturer and supplying intelligent seekers with the informat 
Bory to conduct a process, the work will be found of Inestimable worth to the Metall 
Photographer, the Perfumer, the Painter, the Manufacturer of Glaes, Pastes, Cen 
Madlages, the Compounder of Alloys, the Cook, the Physician, the Dmggist, the E 
the Brewer, the Engineer, the Foundryman, the Machinist, the Potter, the Tanner, It 
tinner, the Chiropodist, the Manicure, tlie Manufacturer of Chemical Novelties a 
Preparations, the Dyer, the Electroplater, the Enameler, the Engraver, the Provii 
Glass Worker, the Goldbeater, the Watchmaker and Jeweler, the Hat Maker, the 1 
factuter, the Optician, the Farmer, the Dairyman, the Paper Maker, the Wood i 
Worker, the Chandler and Soap Maker, the Veterinary Surgeon,and the Technologist i 



Among the Recipes given urei 

Soap Making 

Leather and Its Prcpuadan 
Redpa lor Allays 
Rccipfi lor Soldtn 
Phau«raphic Formulu 
Shoe DrcMing Reel pel 
Stove Blackioe Kecipcs 



Euhing and Engnvlne Redpei 
Rcdpa for GUu Making 
FapEtMikine Redpei 
Kcdpn lot CHnlmciiU 
Minnr-MakingFonnatu 

Gilding Redpea 
CalTaniiing Redpu 

Tioning Redpei 

SUveting Redpes 

Kecipci (or Adhesive! 

Red|xs f orPJa dnf and EnameliHB 
CbtiiBg Ftocasea 
■L Mat maoy tbousand* more — Equally \mvoitftDV ^ 



ir Dyea, Colors, and Pigmeo 



cdnes for Drye 

.k &ei:ipes 

ecipai (ot XTfiftcla\G. 




